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“A veling & Porter, Lid, 
RocnesTar, Kent, 
and 72, Cannon Street, Lowpon. 

STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM OULTIVATING MACHINERY. 
STEAM WAGONS. - or gemmcel 
CEMENT-MAKING MACHINERY. 


A; G. Mamtord [4 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND War Orrice Lasts. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS, 
See Advertisement, page 24. 
PATENT vie TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
And Anxiliary Machinery as supplied to the 
Admiralty. Od 





2179 


(ranes. —Electric, Steam, 
ney Rhee and HAND. 
of all types and sizes. 
GEORGE RUSSELL & ©O0O., 
Motherwell, near Glasgow. 





ex: 
4 





STEEL TANKS, PIPES, GASHOLDERS, &¢. 


Fy thos. Piggott & Co., Limited, 
BIRMINGHAM. 
See Advertisement last week, page 81. 


Pienty and Son, 


MARINE ENGINEERS, &c. 
Newsvry, ExG.anp. 





9983 


achine Tools in Stock ':— 
Vertical DRILLS, to admit 18 in., 26 in., 
and 36 in. diameter, Bolt Screwing MACHINES. 
10hin. centre Special Shafting LATHE. Second- 
hand PLANER, 25 ft. by 6 ft. by 6 ft. 
JAMES SPENCER & O0., Lrp., 
Chamber Iron Works, Hollinwood, Manchester. 


flank Locomotives. 
Speen and Workmanship equal to 
R. & W. HAWTHORN, LESLIE & CO., Lep., 


ain Line Locomotives. 
ENGINEERS, NEWCASTLE-ON-TYNR, 





4938 | See their Illustrated A 


Y *rrow & Co., Ltd., 
SHIPBUILDERS AND ENGINEERS, 
pn ety ery of Pornar, Lonpon), 
iz yi Se lew oriautee oP 
PADDLE OR SOR 


Exception nal Shallow Dr Draught. 


PROPELLED BY 
Turbines or 


Internal Combustion Engines, 


(Sampbells & Herter, L 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel-and Mitre Wheels planed up to 3ft. diam, 


‘DOLPHIN FOUNDRY, LEEDS. 


Od 8759 
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Yachts, Launches, or Barges, 


Built complete with Steam, Oil or post 
Motors ; or Machinery supplied. Od 355 
VOSPER & CO., Lro., Broan Street, Portsmouru. 


MULTITUBULAR AND 
ochran CROSS-TUBE TYPES. 


Boers. 
See page 78, last week. 





5020 





IL FUEL APPLIANCES. 
— Al, Srna. 
For Boilers Gun af oll tanks 

KERMODES LIMITED, 


85, The Temple, Dale Street, 


10, Fenchurch 8t., London. 
Navat Outfits a Speciality. 


4078 


Leen Tank Engines 
 WARDLE J AND RD OOMPANT, —, 


Works, Leeds. 
vertisement page 87, last week. 





Special 
ELECTION OF MACHINE 


TOOLS. See page 40. 


JOHN MACNAB, 
Mary Srreet, 


HYDE. 4629 


P. & -W. MacLellan, Limited, 


CLUTHA -WORKS, GLASGOW. 
MANUPACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &o. 
Chief Offices : 129, Trongate, Guasaow. - Od 8547 
Registered Office : 108a, Cannon S8t., London, ‘BC 


Pluller, Horsey,Sons & Cassell, 
SPE a oases 
SALE AND VALUATION 
of 
PLANT AND MACHINERY 








and Od 8547 
~ENGINEBRING - WORKS. 


BILLITER SQUARE;"“LONDON, EC. 


[avin cible ‘ jauge ( j lasses. 
BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester. 








Od 9753 








Hiconomic Multitubular 


R. # Pickering & Co., Ltd. 


(EstaBLisHED 1 ar 
BUILDERS of RAILWAY OARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS FOR HIRE. 


Ohief Works and Offices : 
WISHAW, near GLASGOW. 


Office: 
3, Vicrornta Srruer, Wesruinersn, 8. W. 
achine and En = ape 
VRE St ees en for Manu 
Patentees, &. carges ROGEED & RUSSELL, 
Best moderate & RUSSELL, 
Lap, ’s Wharf, 
e PATENT ACT. Rossman & Russeut, Ltd., 
undertake the manufacture 


to of articles 
ce unegenbenndgabantd, test will be pleased to hear 


from firms desiring such work executed. ~ 9211 


[wo 200 KW. Westinghouse 
ALTERNATORS and EXCITERS, Two-phase, 
50 periods, 2200 volts, 334 r.p.m. 

‘Two Belligs D.O. 275 KW. SETS, 500 volts. 

A.O. MOTORS, es Four 10 HP., One 5 HP. 500 
volts ; One 85 HP. 600 volte. Three phase, 50 periods. 








West Walls, Newcastle-on-Tyne. 4576 


8358 Fer Sale, 


_j ohn Bellamy, Limitea, 


MILLWALL, LONDON, E. 

GuneraL ConsravotionaL Encivemns. 1216 
Boilers,Tanks & Mooring Buoys 
Suis, Pernod, Tanxs, Am Receivers, Srey 
Cupaners, Riverrep Srzam and Vaewri.ative Pires, 

Hoppers, Specta, Work, REPAIRS OF ALL Kinvs. 





Tubes, Iron and Steel. 
‘Edwin Lewis & Sons, “” 

1s Ce ae ino, Wolverhampton. 

['ubes and Fittings, 


Stewarts and Ljovas, L* 


Glasgow and Birmingham. 





See Advertisement page 47. 4990 





[ proved. mactaerie 


Boilers 


See our Advertiserr ent in 
Soasnaiae senee 
Bedford Street, Leices 


“Thompson 








WOLVERHAMPTON. 

as Engines, Suction lot Plante, 
Tests a 

advice.—E.. J. agp MLL. alec. Ea Gree sg 

569. ‘Tel. : s Rapidising London. = 
ement.—Maxted & Knott, 
Lep., Consulting to the oe 
yn Cement Segues FOR LEMOAE 
ADVickOMLy. nora Aves erences. Established 1890. 

Ayeaus, Hou. 
RR 3922 
< Second-hand 


Lancashire BOILER, 90 ft. by $ ft, maker 
E. Danks & Sons, Oldbury, 1 
One Ditto, 28.ft. by 8 ft, made ly J. Thompson, 
1896. Both insured for 80 Ib. steam 
Two Galloway's SUPERHEATERS, 
One a EOCONOMISER, capacity 224 pipes, 
Also quantity of Gin. Mein Steam PIPE. 


‘RHAMPTON CORRUGATED IRON OO., Lev. 
Mersey Ironworks, Ellesmere Port. D 510 


Dredging Alaa 


OF ALL DESCRIPTIONS. 
_ FLOATING ORANES. COAL BUNKERING 


4650 
Werf Conrad, Arum 
wi 
Heate eas SONS Ee 
See half-page Advertisement, last and. nest week. 
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By IsLAND Posr. 8G. 

Re les Limited, 

CALOMIP TERE EVAPORATORS, Row’s 

STEAM anp GAS! fs 
Merrill's Patent TWIN STRAINERS for Pump Suctiors 
SY a ene REDUCING § VALVES 
© SAVAGER SOPTENING and FILTERING, 4004 

Y arrow Patent 
ory! oe 
Pong 7! he - a "of Wea ay various p 














He. Reve Ts 


Le OTR Sonia Ss ue Pee ee 
Mornerwa1u. Od 3383 


Taylor & (yhallen, Ltd., 
BIRMINGHAM. 


Presses for for peneet Metal 


See invatiieaina tae, Feb. 11, page 59, 
atthew Paul & (‘o.; 3 


LevenrorD Works, be EP 4635 


; See Full Page Advt. page 58, Feb, 11. 
Delta Metal. ENGINEERING ALLOYS) 
HGR DRUEA METAL OO. Lim” soe 


Offices and Works: East nuareioe” LOMDON, & 


eres ter (il 1 Wingines. 


Manufactured by 
PETTERS Listen, Engineers, YoorL 


pa) Bigen p in Stock;— 
a SrUASe & O0O., Lp.; have = stock 
state of 


Stoke-on- 
rie oe bg ben ry Twa 


oa 
Northern France, 


tried by the war,’ ha many business 
ce and ENTER 
0} with owners of 
and 














California’ 
LOOOM 


«in. Ape y te i Se wes ART & 00., 


Benker, 


eaten’ in 
at-once into 
‘eel works 


Sea at = 


E, Dunkerque, France. _D 
Punch and Shear . Machine 
| mye us oy PRCA. and the oe a" Large 
Ren CORE BROS., Wast Moor, HALIFAX. 
OHANTIERS &. A’ 
Areustin - Nformand 
67, rue de fe HAVRE 
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Destroy re, Torpado Dose, Yachts and Past Boat. 
Heating. ‘Oil Engines, 4 





JENNINGS, 
5 gee lasgow Railway 


ngrnonring Comoany. 


Victoria Street, 8.W. 


-& ‘ 
_ OARRIAGB & WAGON IRONWORK, also 
3 OAST-STEEL AXLE BOXES. 


5 





THE WELL-KNOWN 


a Fre Red i ed Gand, | seine 


TRON, BRASS, ALUMINIUM. 





pp in Dhow 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 


Mechaiics and. Jyfetals 
: National. Bank 
oF ‘THEO orry i) "Ew YORK. 


aa lh ae ? 96,000,000 
SURPLUS & ORDIVIDED: "PROFITS $9,000,000 


Corporations; Fir 
terms, and ts to its depositors every facilit, 
ccudahaas with peabens and conservative honking 


CORRESPONDENCE INVITED. 
Finances eerie homie tk - Buys and Sells 
makes Collections on all parts of the world. ; 
ae TS 








MANUFACTURERS 


Belting 


GUTTA PERCHA & RUBBER, LIMITED 
Canada. 


Toronto « - 4520 





Cientrifagets 


pe (‘\assels & Williamson, 


mee, SOOTLAND. ' 
— 4781 
scobalbcigiesdbiaisiinasiin tiinadc anak te 



































ENGINEERING. 








[he Manchester Steam Users’ 
the ASSOCIATION, 


Prevention of Steam Boiler wasn tian, 
the Attainment of Economy in theApplication of Steam. 





Certificates of 
Workshops Act, 1 
Liabilities paid in case of 
Boilers inspected during 


Royal Show, Manchester. | jis 
JUNE 27th to JULY 1st, 1916. 


IMPLEMENTS. 
The Regulations and Forms of Appli- 
cation for Space are now ready. 
Applications must be made by 
SATURDAY, MAROH 20th, 1916. 
Live Stock Entries closeon MAY 20th ; 
Poultry, Produce and Flower Show on 
MAY 3ist ; Cider and Perry Entries 
close on MAY lst. 
THOMAS McROW, Secretary. 
~~ a AGRICULTURAL Socrety or ENGLAND, 
6, Bedford Square, London, W.C. 
February, 1916. 


niversity of. ‘Liverpool. 
SESSION 1015-1916. 
FAOULTY OF ENGINEERING. 
Dean—J,. Wemyss Anpersoy, M.Eng., M.Inst.C.E. 


Prospectuses and full parti rticulars of the following 

may des obtained on application to the REGISTRAR, 

eering, Electrical Engineering ,Civil Engineering, 

Naval Architecture, Marine Engineering, Engineering 

Desi; and Dra , Refrigeration, Ma’ — 
Physics, Inorganic Chemistry. 


[»*- C.E., Inst. Mech. E., 


and Re Maainoerte Exams. 


neers. 1.0.E. successes 5 264 
out of ad Two Baylis Prizes, ‘‘ Proxime t.” 
Special features for f tes. Write for 
booklet, , &ee.— Address, Offices of Everraurine, 


National Need. 


BRITISH SCHOOL OF AERONAUTICS. 
Aeroplanes and Airships. Construction, Design and 
Draughtemanship. 
Complete — Courses. Fees Reasonable. 


nstalments taken. 
36, Maiden Lane, W.C. 
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TENDERS, 
TRAMWAY WAGON WHEELS. 





The Corporation of Dublin invite 


y i \enders for the Supply of 
TRAMWAY WHEELS (Chilled Steel). 
Specification, with particulars, &c,, can be obtained 
from the Town Clerk, Cit; Ray Dublin, 
Tenders must be lodged in the Town Clerk’s Office, 
City Hall, Dublin, on or before Monday, the 28th day 


of February, 1916. 
HENRY CAMPBELL, 


Town Clerk. 
Oity Hall, Dublin. 
Oth February, 1916. D 605 


GREAT NORTHBRN RAILWAY COMPANY 
(IRELAND). 


Town Clerk's Office, 


The Directors are prepared to receive 


[lenders for the Supply of 


Twelve trie Steel CARRIAGE TES. 

Particulars may be obtained from the Secretary on 
payment of Five inings, which will be refunded on 
receipt of a bona fide Tender. 

Tenders should be delivered, under sealed cover 
endorsed ‘‘ Tender for Steel Carriage ies,” to the 
Pe gree ng om later than Ten a.m. on Vednesday, 
ist March, 

The Dieectors do not bind themselves to accept the 
lowest or any Tender. 

T. MORRISON, 


Secretary, 
Secretary's Office, 
Amiens Street Terminus, ‘Dublin, 
14th February, 1916, 


CYLINDERS FOR HYDROGEN GAS, 


uotations are Required for 
2000 STEEL CYLINDERS for containing 
eae Ges, to be supplied to the following 


Diameter inside, 190.my. pi pyre tad 3 per cent.). 
Length between a » 2000 mm. 
tolerance 3 we cen 
Diameter outside, 208 
Weight, 100 kilos. Golmenes 6 per cent, excess ; 
3 per cent. op 
Sie rr mente cate be lees than 6.6 mm. 
ae: he plerance 8 per cent. ). 
must ney b the first quality, tnd\ must 
satisfy the ee i 
Limit of elastic ye 50 to 55 kilos per square mm. 
0 to 80 kilos s 


D 625 





i aieeaten wh en tateeent oreeeies 
and must not fail under a less 





CHINESE GOVERNMENT RAILWAYS. 
CANTON HANKOW Orion wimp Aaa: 
SROFION 


[Tenders are Weg for :-— 

75 = ~ > ~ geen 
EIGHT CARS, 

+s tin we tee STEEL BOGIE 
FREIGHT CARS, 


Conditions of Tender, Dra’ 
trom 


4498 | for the above Railway. 


and wulting” Hogiveer, 


before Eleven a on 31st March, 1916. 








APPOINTMENTS OPEN. 
ADMINISTRATIVE COUNTY OF LONDON. 
THE LONDON COUNTY COUNCIL invites 


pplications for the Position 
of TEMPORARY TEACHER of ineering 
kney 
of the war. 
licants must be lantigible for for ‘mflltary service. 
idates should have had experience in the 
works and drawing office, and preference will be 
apy hes those who n engineer also had whan onde 
na course at an engin’ college. e sala 
will be £180 a year, and recto appointed will be 
required to give his anole t time to the work. 
Applications must be on forms to be obtained, with 
Praca of the appointment, by sending.a stamped 
addressed foolscap envelope to the Education Officer, 
London Count; Bouneil, Education Offices, Victoria 
Embankment, W.C., to whom they must be returned 
by Eleven am. on Saturday, 26th February, 1916. 
Ev communication must be marked T,1 on the 
envelope. 
Oanvassing, either directly or indirectly, will dis- 
606 } quality an applicant. ‘ase 


ES BIRD, 
Clerk of the London County Council. 
ae 


Offices, 
ictoria Embankment, W.O., 
9th February, 1916. 
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ons 
563 | EXCHANGE, pred hin, ~ 24 A a7. 


oe Draughtsmen for 
ssaed Gea perk ae Work. wens experience 


tioning this paper and No. A 1605, 


Wanted, Immediate} 


for | an 

Government work, experienced wikiseun 
MEN for ewitch- wack, cutealion:aetks eat Se 
Sond oa aes a Ses eck 
ment w ly-— experience, quali- 
ficati teyou: st LABOUR 











Wee in County Durham, 


DRAUGHTSMAN and ESTIMATING CLERK 
‘oughly conversant with light railway plant and 

tient rolling stock. Not ee for ages No 
— oleoniy employed on Government work will 
nearest LABOUR EXOWANGE, 


cepeaiodions rr Cat ant and D 611. 


Wanted, Draughtsman, with 


experience in good class moreantite marine 
work, pipe and machinery arrangements. No 
already employed on Government work will be 
.—Apply, stating age, salary a. ired, and 
erences to nearest LABOUR EXCHANGE, men- 
tioning this Journal, and D 616. 


])taughtsmen.—One or Two 


WANTED, for:steam turbine work ; Midland 
district. No person at present employed on Govern- 
ment work will be en ly, with full 
information ge experience, y and age, to 
nearest LABOUR EXCHANGE, mentioning this 


paper, and D 541. 
[praughtsmen R equired by 
Aviation Compan. on Government 

work, Must be thareag! ly practical men, aviation 
experience not essential. 

No agen resident more than 10 miles away, or 
already on Government work, will be en- 
pecteoe dress, D 631, Offices of ENGINEERING. 











orks Manager Required, 
= for large bri and structural —_ — 
© person ehgaged on Government work ni a 
—State © experience and fu lars to caren 
LABOUR ew mentioning this eaves = 
quoting No. 140, 


ne or Two First - class 


DRAUGHTSMEN tags ne gy Lent yee ate goa with 
experience 4 hydraulic plant a works 

machinery. N “enone already employed on Govern- 
ment work will ngaged. State pag aoe me , 
604 | salary required, and when at liberty.— Appl noe, 





(Jom mercial Manager Wanted, 


preferably with engineering experience, for 
important Leta of home business in British India. 
None eligible for military service need apply. State 
tull iculars of experience, terms, and send copies 
of testimonials. —Ad D607, Offices of ENGINEERING. 


(Shemical Engineer, fully Ex- 


perienced in eg, > and working of coal tar 
plant and by-products. No gee already employed 
= Sac caer comin work wil 0 ee apply. 
age, experience, salary, with copies o 
mn to your nearest om ag EXCHANGE, 
mentioning this Journal and 


Engineer to Take Charge of 


emall general fitting shop near Birmingham; 
experience of all kinds of machining, electric motors, 
lamps, gas engines and hydraulic plant necessary, 
Only experienced men need ly, and providing they 
are pod on acorns work; give full particulars 
required. rar et nearest LABOUR 

‘OnANGE: GE mentioning this Journal and D 575. 


Y oung Mechanical Engineer, 
unmarried, enetag Seen tor British e gineering 
firm in North China. Must have good — 
varied experience; some commercial a 
advisable; good pay and prospects.—Write, ving 
full particulars and copies of ay Fears to 

care of J. W. Vickers & Co., Ltd, » Nicholas 


Lane, E.C. 
Wiaated, in the Prime Cost 
Department of large electrical firm in the 


Midlands, PERTIMATOR, capable ‘ Rpm. esti- 
mates for electrical machinery. Pp experience 
essential, electrical nowt desirable —Apply, 
— age, and giving particu previous ex 

rien to gh nearest LABOUR PEXOHAN E, 
quate No. A 1504. Persons on Government 
work, or eligible for military » need not "Brod | cess 














esigners ¢ and Draughtsmen 
for Rigid Airship work. Light 
prove oth nee and 
sraniage = ABDI. BOARD OF TRADE LABOUR 
EXOHANGE, mentioning hie paper and No. A 1442, 
No person on Government work will be =a wae 
Wanted, Chief Draughtsman, 
eT eet in aerial ropeways. 
Ped = on Government work 
nearest 
EXOHANGE, mentioning eg A Journal, and D 626, 





rience and salary required. 


Wanted, Mechanical 


DRAUGHTSMAN, for 's office, West- 


minster. No person eligible for mititary service, or 
on Govern 


ment work, will be dood 


Metating ba pom J salary 
ired, to rest LABO EXCHANGE, men- 
tioning this Journal and D 609. 


AIR DEPARTMENT, ADMIRALTY. 
WV shed. Meebo are 
Peas Seca ws 
Apply, ‘DIREGTOR Ale references, to— 








SERVICES, 


marking envelopes, ‘‘ D Section.” 





t BOARD OF TRADE LABOUR EXC 
mentioning this Journal, and D 512. 


anted,in Controlled Estab- 


lishment (London —-> eres 
(Junior) BRASS FINISHER, to assist in _—- 
of about 200 men and boys, Must be faith 
most modern tools and eo ter tis bes xt methods 
of producing ships’ brasswork, 
— — to Aamiraty senuiee. 
used -work 
system, capable of aiving in veliable $a. for work, 
and peoterably have filled similar position before. 
No one already employed on Government work can 
be en; —Apply (by letter), stating age, salary 
requir: full particulars previous ex and 
copies of testimonials to nearest BOA OF TE TRADE 
pees et EXCHANGE, mentioning this Journal, 
and D 612. 


nition Factory Requires 


several JIG and TOOL MAKERS, also INSTRU- 
MENT MAKERS and TURNERS, willing to learn to 
Operate and Set-up Cleveland, Gridley, and Brown 
and peda automatic machines. No AM renee already 
engaged on ae ay will be considered.— 
Apply in first the nearest LABOUR 
E ANGE, iameeiae this Journal and C 870. 


A Vacancy Occurs fora Youn 


MAN, ineligible for military service, preferably 
with engineering experience, to train as assistant to 
blast furnace manager.—Apply, with = particulars 
of education, previous experience, to your 
nearest LABO EXCHANGE, questing No. A 1493, 
No person on Government work will be engaged. D602 


iagineering Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
facturing latest types of machinery, oil and gas 
engines, &c.; moderate premium. — Address, 6521, 
of ENGINEERING. 


a — The aati and 


Oh ng on ks ineer amy pan 3 > 
has a VACANCY in 
POPE Address, TOWN HALL. ome 


Large Firm of Engineers, 
A in the titan hm, OPER 
YOUTH of good education as 

course to include both works and Lyon ty aoa 
Address, 4359, Offices of ENGINEERING. 














y> 














SITUATIONS WANTED. 
hemical Works Man 
and 





er, 


LABOUR | and 


besides English.— Address, 





e Manager, full, practical, 
commercial aggaene aad of an classes of land, 

marine engine and forgings, DESIRES SITUA- 
TION, at home orabroad.-D601, Otfices of ENGINEERING 





Cu Engineer (29 years), 


llr rane rhacter pppoe wri é-acitgy » Pore b 
(reinforced concrete 

———— Ssteclwork), WANES POSTE — 
ds f10N.—Address, D 593, 


More. ‘Engineer (30), 


Lmmaaatyge tigre a know! of shale oi] mauu- 


rie 
= pr in the erection of 
Best ESIRES capeeniae TTION w Address, 
Offices of ENGINERRING. ; 


ngineer, at peesont Manager 
of machine shop partly Coast for od 
@ very 


munition work, with 
weary, bee baggy wi 


. S onengp me tools, a eae 
lathes, cupeenetens, of all Pomc 
tions, SEEK: in similar capacity 





ENGAG 

with with important firm, on war work or other manufac. 

ot liable for military service. Wide expe- 

~ ole in shop practice and in successful development 

on commercial basis of high-class experimenta) work. 
—Address, D 504, Offices of  ecwmina ae 


agineer, 16 years’ Experi- 

ence England and America, machine shop 
superintendent, drau; 
hardening, good organizer, used to hi est class work 
with uns! labour. AT LIBERTY after month’s 
mer dpa + dog D 610, Offices of Exerveertne, 


: t 

Hagineer (41) Seeks Re- 

ENGAGEMENT, position of trust with plenty 

of sco} Advertiser has had long experience, princi- 

ly South America, and since outbreak of war has 

n chief draughtsman to supervising engineers in 

connection with important contracts which are about 

completed. At liberty about end of March.—Address, 
D 630, Offices of ENGingERING. 


A Ssistant Engineer, good at 


drawings, amt eg eo eral office work, 
alsoinlevelling, eevee , experience,know- 
ledge of mechanics and e sctricley. Excellent testimo- 
nials. Speaks Spanish. —D 608, of ENGINEERING, 





tsman, ¢ in modern 














PARTNERSHIPS. 





Every Engineer 
desiring a 
Partner 


ora 


Partnership 


should to 
WHEATLEY gin, PRICE & 
46, Street, LONDON, Ro. 


uare, Manchester, 
__ 26, Collingw ‘Street, Newoastle-on-Tyne, 


ngineer Required, with 
£3,000, as Active Director, to extend a well- 
etablished motor and commercial vehicle works, 
London, showing satisfactory profits ; can expect at 
least £600 p.a.—Particulars from Messrs. =_—_s 
AnvD O0,., 76, Cannon Street, London, E.C, 


PATENT AGENTS. 
he Consulting Patent 


Mais 253, Gray’s Inn Road, London. Regd. 
British, U.S. Canadian Agents. 
London” — fidtbora 6109. All matters at = 
inclusive charges. 

Son, 4884 


-) ensen and 
CHARTERED PATENT AGENTS, 
(Established 1 eee and 


Patents, and » 
77, Chancery Lane, London, W.0. 1. : Holborn 1249, 


john E. Raworth, 


ee AGENT, 
Tothill Street, Westminster, S. 























WANTSED, &c. 
fhe Proprietor of the Patent 


No. 1064, of 1905, for “Improvements in and 

to Automatic Fire Arma, is DESIROUS of 
ENTE ING into ARRANGEM , by way of 
License and otherwise, on reasonable terms, for the 

rpose of exploiting the same and ensuring ite full 
Sovelopsnent and practical working in this Country. 
—All communications should be addressed, in the 
first instance, to HASELTINE, LAKE & O0., 
Chartered Patent. Agents, 5, a 
Buildings, Chancery Lane, London, Ww 9, eee 640 


A Advertiser, with Connection 


am shipbuilders, engine railway and 

eae A prone Beg oon ti 1d, is OPEN -y 
REPRESENT first-class FIRM. — yILLAAM 

HARVEY, 166, Buchanan Rtreet, Glaswow. D so 


gency.—A Consulting En- 
GINEER, with central Offices in London 
having extensive car RES to REPRESENT 

eterenoes a 2 magnons 
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THE RESISTANCE TO WEAR OF CAST- 
IRON LINERS AND CYLINDERS. 


In the modern high-s steam and internal- 
combustion engines cast iron is, up to the present, 
the only metal which has given satisfactory working 
results when used for the construction of certain 
vital parts, such as pistons, piston-rings, and cylin- 
ders. This fact coupled with the serious draw- 
backs of cast iron in other ways is sufficient to 
prove the tremendous importance of a careful study 
of this subject. 

The two chief properties required of cast iron 
for the purposes named are maximum resistance to 
wear, and the most perfect running properties 
under the conditions existing in the engine. The 
mechanical properties, such as the tensile and 
transverse strength, can usually, without much 
difficulty, be obtained sufficiently high to with- 
stand the stresses involved in the use of the gene- 
rally accepted thicknesses of material. The modern 
tendency, however, seems to be to cut down the 
weight of members to a minimum, and for this 
reason higher tensile strength irons will be more 
and more in demand. 

The two requirements already mentioned— 
namely, good running properties and resistance to 
wear—are very often confused by engineers. For 
instance, certain kinds of cast iron are not con- 
sidered ideal for cylinder work, for the reason that 
they do not wear well, when what is understood 
is that cylinders of this class of metal will not 
develop good working surfaces in use. In many 
ways, however, the two properties are intimately 
connected, although it is better for the purposes of 
study to consider them separately. Owing to the 
lack of any satisfactory means of determining the 
resistance of any given sample of cast iron to wear, 


Fie. 2. Worn Liner Surrace. UNetcuHep. 
Maenirication, 200 Diameters. 


and also its ‘‘ running ” properties, the only means 
of studying the question open to the investigator 
is to examine actual cases of wearing and running 
in the engine itself. This is of necessity an exceed- 
ingly slow method of investigation, and hence the 
lack of any definite and reliable knowledge of this 
most important subject. 

The wear of any given sample of metal is 
understood to be the loss in weight sustained by 
that sample under the action of a particular force 
or set of forces. In the particular case of engine 
cylinders it is the loss in weight sustained by the 
cylinder under the action of the piston. The 
running property of an engine cylinder isa liar 
property whereby the cylinder is enabled to give the 
most satisfactory results in actual working from the 
point of view of absence of trouble from overheating 
and galling or seizing. Essentially these two proper- 
ties are different, but at the same time there is a dis- 
tinct relationship between many of the controlling 
factors in the two cases. In the ideal engine the 
piston a ag is separated from actual contact with 
the cy inder by a thin film of lubricant, and the 
piston-rings alone are in actual contact, scraping the 
surface of the liner. When in action the piston does 
not exert a constant and equally distributed pres- 
sure over the whole surface of the cylinder, but by 
the reaction of the connecting-rod at certain posi- 
tions the surface of the liner is subject to alter- 
nately varying loads which act at portions of the 
liner surface in the vertical plane. 


The wear of the cylinder is generally supposed to 
vary with the hardness—that is, under a constant 
load—and it is a usual practice to allow the piston 
to be constructed of a slightly softer material than 
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the cylinder, for the reason that the piston is 
usually more easily replaceable after wearing than 
the liner. Nevertheless, the engineer is often con- 
fronted with cylinders rejected for excessive wear, 
in which the whole set of hardness numerals on the 
cylinder, piston, and piston-rings are quite in 
order, or at least identical with other sets which 
are running perfectly well ; and in records of liner 
failures it is very often an a penage correlate 
the hardness figures and the wear. In composite 
metals, such as cast iron, in addition to the hard- 
ness numeral, the surface structure and arrange- 
ment exert an important influence on the wear. 
The surface structure of the normal cylinder, of 
cast iron, consists of a matrix of ferrite, pearlite, 
phosphide eutectic, and cementite grains, inter- 
sected by graphite plates. Phosphide eutectic and 
cementite are extremely hard and brittle, whilst 
ferrite and pearlite are soft and tenacious. The 
surface is therefore composed of soft, ductile, and 
tenacious grains, together with hard and brittle 
ine, broken up by numerous graphite plates. 
nder the continuous rubbing action, these grains, 
which are very weakly cemented together 
aphite plates, become loosened, and eventually 
detached. An examination of worn liner surfaces 
shows the result of this action very clearly. The 
surface is seen to be covered with numerous com- 
ratively large pits, on visual inspection (see 
Fig. 1), whilst under the lens the granular struc- 
ture will be seen quite plainly, which fact is the 











result of the slight loosening of the grains under 
the alternating action of the piston. is appear- 
ance should particularly be noted, as it is often 
erroneously described as being due to the disloca- 
tion of the graphite pa only. 

This dislocation of the grains is in all proba- 
bility brought about mainly by the direct abrasive 
action of the piston-rings, assisted by a sort of 
fatigue brought about by the vibratory motion of 
the piston, which assists in the loosening of the 
grains. The detached material eventually mes 
powdered, and remains suspended in the film of oil, 
and is eventually pushed out along with the oil. 
At the same time as this ne action is taking 
place another action, somewhat different in char- 
acter, is also going on. This action is practically 
identical with that of polishing micro-sections in 
bas-relief, and is in all probability due to the action 
of the piston proper, together with the polishing 
action of the suspended powder resulting from the 
first-named action. The effect of this is to be seen 
on examining worn surfaces under the microscope, 
when the harder phosphide eutectic and cementite 
grains will be seen, without previous etching, 
standing in relief. These hard points, under the 
influence of the former dislocating action, in a like 
manner become detached, and with the constant 
repetition of this action the total wear is increased. 

he extent to which these two actions are 
respectively responsible for the total wear which 
has taken place depends largely on the surface char- 
acter of the iron used. This may vary from, onthe 
one hand, a large-grained, coarsely-graphitic excess 
ferrite to, on the other hand, a close-grained, fine- 
graphite excess pearlite, depending ely on the 
chemical composition and rate of cooling of the 
particular cast iron. In the extreme former case 


‘the particles are so weakly bound together that a 
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small force only is necessary to dislocate them, 
whereas in the latter case the intercrystalline co- 
hesion is much stronger, so that the particles 
are better able to resist the disintegrating action, 
with the result that in such a type of metal this, the 
most rapid cause of wear, is at a minimum, and 
the wear is most largely brought about by the 
fracture of the phosphide eutectic points. The 
casting temperature, ‘*growth,” and corrosion, and, 
in fact, all factors which tend to loosen the 
granular structure of cast iron, will indirectly influ- 
ence the wear, and hence the importance of com- 
lete scientific control of these types of castings. 
ncidentally in the light’ of the orthodox rule for 
the production of ideal ‘‘ running ” 4.5 
hard points embedded in a soft matrix—it will be 
seen that the result of the two types of wearing 
action practically ensures a perfect ‘‘ running ” 
metal. For in the one case a surface is obtained 
whish consists of hard points in a soft matrix, and 
in the other case a surface is obtained com d 
of holes which can be considered soft areas, and 
the remaining matrix can be considered the harder 


y the | areas. 


Under the influence of continued alternating 
rubbing action the surface of cast iron undergoes 
a transformation which results in in ing the 
surface hardness. Under this action certain of 
the crystalline surface components become trans- 
f fs. | from the crystalline into a vitreous state. 
The amount and character of this action depends 
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on the chemical character of the grains composing 
the surface, although it takes place to a more or 
less extent in all cast-iron surfaces subjected to 
similar conditions, and, as shown in a previous 
article, accounts for that uliar phenomenon 
known to engineers as ‘‘ g .” In cast-iron 
surfaces which have undergone this peculiar change 
a marked increase in ess is noted, in many 
cases to such an extent as to defy attempts at 
filing the surface. The influence of this action on 
the wear of cast iron will obviously be twofold : 
firstly, the peculiar hardness and physical charac- 
teristics of vitreous phases resist attempts at 
wearing by mechanical disintegration; and, secondly, 
in many cases a fine layer of this matter flowed 
over the normal surface structure prevents to a 
—_ extent the disintegration. The great practical 
difficulty in investigating this particular action is 
that it is necessary to study the cylinder in actual 
working, for in many cases of returned cylinders 
the length of time they have been exposed to 
atmospheric influences after dismantling is suffi- 
cient to allow of these ‘‘ vitreous’”’ surfaces altering 
in character. The general appearance of worn 
liner surfaces examined some time after dismantling 
is illustrated in Fig. 2, which is a microphoto- 
h of a sample of a large gas-engine liner which 
a g tet in daily use for some years, and was not 
— till a —— or so after ny ayy 
© peculiar conf nular appearance is to 
acted ep evidence of the glazing action. f 

Another important point in this connection is 
the character of the treatment undergone by the 
cast-iron cylinder during machining. It will be 
evident that a cast-iron surface will suffer from dis- 
integration under the action of the machine-tool ina 
somewhat similar manner, though larger in degree, 
as the surface does in the engine. e more deep 
and severe the cutting action the larger the disin- 
tegration and distortion. It is probably extremely 
fortunate that the extreme accuracy necessary in 
such details as cylinders and liners has necessitated 
very careful machining, and therefore such parts 
have not to such a large extent been the victims 
of the modern advances in the art of machining. 
Microphotographs showing the effect of rough 
machining onl entle machining are given in 
Figs. 3 and 4. e distortion and disintegration 
will be evident in both instances, but to a much 
larger degree in the roughly-machined specimen. 
Complete freedom from such surface cracks and 
disintegration is obviously an impossibility what- 
ever the method of machining may be, and the 
comparatively recent method of internal grinding 
of liners and cylinders is, for this reason, more 
satisfactory. 

In conclusion, the writer wishes to express his 
thanks to Messrs. Richard Hornsby and Sons for 
their permission to publish the above details, which 
have been obtained in the course of research 
carried out at their Reddish works. 





ON THE WHIRLING SPEEDS 
LOADED SHAFTS. 
By Wiiu1am Kerr, A.R.T.C. 
Part I.—Comparison of the Observed and Theoretical 
Whirling of a 250-Kw. Impulse Turbine and 
a 3-Horse-Power De Laval Turbine. 
INTRODUCTORY. 


In the course of the steam-friction experimentse* 
on the 250-kw. turbine, in the Mechanical Engi- 
neering Laboratory of the Royal Technical College, 
Glasgow, it was invariably noticed that excessive 
noise and vibration were set up as the s passed 
through the value of about 2500 revolutions per 
minute. The actual occurrénce was observed on 
many occasions, and no doubt is felt that it 
denotes an actual critical speed of the rotor of 
about this value. 

This isa rather remarkable result, as a turbine 
running at 3000 revolutions per minute would 
never be designed to have a critical speed at 2500 
revolutions minute. The design value would, 
in fact, be about 4000 revolutions per minute. 

Under the circumstances it was determined to 
make a careful analysis, on theoretical grounds, to 
find if any agreement existed between the theo- 
retical and actual values of the critical speed. This 
was the more readily undertaken in that the dimen- 
sions and distribution of the weights of the rotor 
were already known with considerable accuracy, 


OF 





* See ENcINRERING, August 22, 1913, page 268. 





these having been carefully ascertained for the 

pu of calculating the moment of inertia. 
While on this subject it was decided to make a 

similar investigation in the case of the small 3-h.p. 


Tue Osservep Critical SPEED OF THE 
250-Kw. Tursrne Rotor. 


In making these observations the speed was 


De Laval turbine in the Mechanical Engineering | given directly by a vibration tachometer. 


Laboratory. This turbine runs at 30,000 revolu- 


In the process of speeding-up the turbine ran 


tions per minute, and the critical speed value is| very smoothly and quietly until a speed of 2300 


Fig. 7. ROTOR SHAFT WITH DIAGRAMMATIC LOADING. 
250 K.W. TURBINE. 
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Fig.2. GRAPHICAL COMPUTATION OF CRITICAL SPEED OF ROTOR METHOD TI. 











250 K.W. TURBINE. 
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clearly defined in the process of speeding-up. The 
actual value was accordingly observed, and the 
wheel and spindle were measured and weighed to 
obtain the necessary data for the calculation of the 
theoretical value. 

The results of these various investigations are 


presented in the present paper. 




























one Vector Polygon. 
Scale -1=2:3~10 “units, 
Polar Distance-2" 


revolutions per minute was attained. A slight 
rumbling noise then commenced, but this was 
hardly more than noticeable until 2450 revolutions 
per minute was reached. At this speed, however, 
considerable noise, accompanied by excessive vibra- 
tion, was set up in a very sudden manner. This 
was well maintained over the next 150 revolutions 
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per minute. Beyond 2600 revolutions per minute 
the noise and vibration gradually decreased in 
intensity, although they could not be said to have 
— abated even at the full speed of 3000 
revolutions per minute. 

When steam was shut off at full speed, and the 
turbine allowed to run down, the same phenomena | 


Fig.3. GRAPHICAL COMPUTATION OF CRITICA 


the laboratory to have stated whether or not the 
turbine was running. 

It should be remarked that these observations 
were made with the rotor running free and 
unloaded. When connected to the water-brake 
and loaded up, similar occurrences could be noticed, 
but not to the same marked extent. This may be 


4 SPEED OF ROTOR — METHOD I. 


250 K.W. TURBINE. 
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(918.c) Deflection Diagram Scale 1'=5-5«I0* Units. 
Scale - $= -182 Inches. U Polar Distance = 2° 
TABLE SHOWING Resutts Depucep From Fic. 2, 
- ee Ae as SS oe , 
Load, W Lb Deflection, y In. | Wy. wy. Slope 6. 62, | W Rk @. 
AB= 9 1178 x 10-3 | 106 x 10-3 12.48 x 10-6 — - — 
BC= 17 1.886 x 10-3 $2.05 x 10-3 60.60 x 10-6 _ _ — 
CD= 17 2.562 x 10 43.6 x 10-3 111.85 x 10-6 a _ — 
DE= 17 .| 3.086 x 10-3 61.6 x 10-3 156.50 x 10-6 - - — 
EF= 18 .| 3.150 x 10-3 56.75 x 10-3 178.50 x 10-6 ~ _ 
F G = 280 -| 8210x 10-3 900.0 x 10-3 | 2886.0 x 10-6 0.039 x 10-3 0.00152 x 10-6 29.8 x 10-6 
G H = 280 -| 3.270x 10-3 915.0 x 10-3 29980 x 10-6 | 0.030 x 10-3 0.00092 x 10-6 18.0 x 10-6 
H K = 280 .| 3.830 x 10-3 982.5 x10-* | 3108.0 x 10-6 , 6.023 x 10-3 0.00055 x 10-6 10.8 x 10-6 
KL= 18 .| 3.3857 x 10-3 60.45 x 10-3 202.5 x 10-6 _ — 
LM= 17 -| 38330 x 10-3 56.6 x 10-3 188.1 x 10-6 _ _ - 
MN= 17 .| 8.122 x 10-3 63.15 x 10-3 166.0 x 10-6 _ — _ 
NO= 17 .| 2620 x 10-3 44.6 x 10-3 117.0 x 10-6 -- - _- 
OP= 48 .| 1.708 x 10-3 | 820 x 10-3 | 140.0 x 10-6 - — - 
| | | ~— 
Totals — | $239.0 x 10-4 joae.0 x 10-6 — — | 60.0 x 10-6 








were observed in the reverse order. The rumbling 
became more and more noticeable, until, at 2450 
revolutions per minute, it ceased quite suddenly, 
the change to almost perfect quietness being quite 
startling. At the speed of 2500 revolutions per 
minute the vibration could be felt over the whole 
building—and the Royal Technical College is not a 
small structure—while below this value it would 
have been difficult for anyone immediately outside 











due to the fact that connecting up to the brake 
increased the general stiffness of the shaft, or, 
what is largely probable, the actual effects may 
have been less easily recognised owing to the highly 
objectionable noises made by the brake itself. 
tt is to be understood, therefore, that, by actual 
observation, it has been established that the critical 
for this rotor is 2450 revolutions minute. 
is value has been taken sincg the observations 





made—which, it will be seen, are quite consistent 
with the well-known phenomena of critical speeds 
—mark it as the speed at which whirling ap tI 

commences. It is undoubtedly a point at whic 

some sudden change in the nature of the running 
occurs. It could not, however, be definitely stated 
that 2450 revolutions minute was really a more 
dangerous speed than revolutions per minute ; 
but it is certainly undesirable that this turbine 
should be run for long at any speed between these 
limits. We will now proceed to consider the value of 
the critical speed for this rotor as given by theory. 


Tue THeorericaL CritTicaL SPEED OF THE 
250-Kw. Tursmne Rotor. 


Fig. 1 shows the rotor-shaft with diagrammatic 
loading. The loads marked include in all cases the 
weights of the corresponding portions of the shaft. 
The overhanging portions of the shaft are short, 
of small diameter, and unloaded. Consequently, 
we need only consider the portion of the shaft 
between the bearings in making the theoretical 
investigation. The shaft bearings are of fair length, 
but are of the elastic-sleeve The shaft will 
therefore require to be taken as only simply sup- 
ported at the centres of the bearings. 

It is proposed to make the calculation by three 
different methods. This should ensure correctness 
in the result, and it will also be of interest to see 
how the results given by the different methods 
agree. These methods are :— 

I. Graphical Computation.—Method based on 
the determination of the natural frequency. 

II. Graphical Computation.—Assumed deflection 
method. 

III. Simplified Conditions.—Uniform shaft with 
single load, separate critical speeds combined by 
Dunkerley’s formula. 

Method I.—This method is fully described in a 
paper by Professor Morley,* and need not be gone 
into here. It merely consists in the determina- 
tion of the actual deflection curve of the shaft due 
to the known system of loads; the subsequent 
calculation being similar to that employed to 
obtain the frequency of transverse vibrations. 
An approximate correction is made for the rota- 
tory inertia of the wheel—i.e., for the motion about 
an axis perpendicular to the len of the shaft, 
and perpendicular to the plane of bending. 

The graphical work is along the usual lines, and 
is fully shown by the diagrams in Fig. 2. From 
the deflection curve obtained and the known loads 
we can compile the annexed table. 

The k in the final column is the radius of gyra- 
tion of the load about the axis referred to above. 

By substitution of the above values, the critical 
speed is obtained from the formulat :— 


_ 30 g =(W y) 
Kas V we See 
n. =™ $2.2 x 12 x 3239 x 10-3 
some NM 10,821 x 10-6 - 60 x 10- 
= 3338 revolutions per minute. 
Method II.—This method is well known, and 
is probably due to Dr. Stodola. It consists in 
assuming a deflection curve for the shaft and an 
angular velocity, the —_ loads created by 
these conditions being then calculated. The actual 
deflection curve, due to this system of loads, is then 
obtained in the usual manner, the whole 
being repeated (if n ) until the assumed and 
final forms are exactly ae. The critical angular 
velocity is then obtained from the assumed an 
velocity and any two corresponding deflections, 
thus :— 
Let w. = the critical angular velocity. 
w, = the assumed angular velocity. 
¥, = deflection (under any load) on assumed 
ex deflection (under same load) on final curve, 


Then{— 
We = nv, or N. = 30 be | yn .@ 
, 1y/ ar) 


Obviously the ratio “' must be the same at any 


and every point on the shaft length ; otherwise, as 
stated above, the —— must be repeated until 
such agreement is obtained. 

This method is really one of ‘‘ trial and error” in 


t a 
t See Stodola, ‘‘Steam-Turbines,” Second (English) 
Edition, page 185. 


- (1) 


co ENGINEERING, vol Ixxxviii., pages 137 and 205. 
Bee 
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search of the true whirling form of the shaft. 
Theoretically the whirling shaft may be deflected to 
any extent, but the form of the elastic curve 
depends upon the centrifugal forces set > . 

nthe present case the process is given by Fig. 3. 
The assumed deflection curve is similar to the curve 
obtained in Fig. 2, and gives quite satisfactory 
results, on the first trial, as shown by taking three 
random values thus :— 

(a) y; = 0.87", y = 0.0733" .°. ™ a vy 


N. = 


A/ ne = 3291 revolutions per minute. 
v. 








(6) wy = 1.11", y = 0.0936" .°. N. = =» _ x 
1.11 — 3990 revolutions per minute. 
UV. U0936 


os N, = 90. 10 , 


TT 


(ec) a» = 1.06”, y = 0.0892” 
“Ls 
0.0892 
Hence N, as given by this method may be taken 

at 3292 revolutions per minute. 

Method III.—In this method the problem is 
first simplified by assuming the shaft to be of 
uniform ame throughout, and carrying only a 
single Joad. The critical 8 for (a), a massless 
shaft with single load, and (b) an unloaded massive 
shaft, are then calculated ; the critical speed of 
the combination being obtained by application of 
the Dunkerley formula to these separate results. 
Such a method might be the one employed in a 
preliminary design. 

The assumed arrangement is given in Fig. 4. 


= 3294 revolutions per minute. 


Fig.4. SIMPLIFIED CONDITIONS — CALCULATION 
OF CRITICAL SPEED OF ROTOR- METHOD Ui. 
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(a) Massless Shaft with Single Load.—The critical 
angular velocity is given by the equation :— 


w I= 39 El (a + b) : 
W att? - gl(a - bp 


In which 


critical angular velocity for load alone. 
Young’s modulus for shaft = 29 x 10°lb. per 


(3) 


wi 


E 


sq. in. 
moment of inertia of shaft = 20.13 in.¢ 
span, divided by load into parts a and b. 


load = 875 lb. 
moment of inertia of load about axis per- 
endicular to shaft b, and n- 
icular to plane of bending = 12 (ft. and 
Ib. units), 
Hence 
ais Os 3 x 32.2 x 12 x 29 x 108 x 20.13 x 46.8 


(875 x 21.52 x 25.32) — (3.8? x 32.2 x 12 x 12 x 144) | 
127,100 (rad./sec. )*. 


(b) Massive Shaft, Unloaded.—The critical an- 
gular velocity of an unloaded and simply supported 
shaft of uniform diameter is given, on the Reynolds 
theory, by the equation* :— 


.2= “gE! 
sai hw “) 
in which 

..= critical angular velocity for shaft alone. 

t= yy 46.8 in., and w = weight of shaft = 
54.07 . 
13 Ib. per in. 
Hence 
w, 2 3:1416* x 82.2 x 12x 29 x 108 x 20.13 x 12 





46.8 x 54.07 
= 1,016,000 (rad. /sec. )? 


The critical angular velocity of the system is 





* Dunkerley’ » Phil. Trans. Ro . (1894) 
mxxv.,Gaselh poe eas) 


vol. clxxxv., 


given by Dunkerley’s well-known relation :*— 
2 is 
We 2 aw 2 
a ea. 
127,100 1,016,000 

From which we get :— 

w- = 336.1 radians per second ; 
and therefore 
N. = 3210 revolutions per minute. 

This result would, of course, have been different 
had the shaft diameter been taken other than 
44 in. Obviously a very small increase in this 
size would have been sufficient to bring the 
critical speed up to the value found by the more 
complete graphical investigations. The assump- 
tion of 4} in. was, however, quite reasonable, and 
the resulting value shows that considerable reliance 
may be placed on this method, which can be 
carried out much more easily than the graphical 
methods. 

From these investigations we can say that the 
theoretical critical speed of this 250-kw. turbine 
rotor is about 3300 revolutions per minute. The 
difference between the actual and theoretical values 
will be considered later. 


(To be continued.) 
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THE DRY BLAST IN THE MANUFAC- 
TURE OF IRON AND STEEL, 
(Concluded from page 128.) 

In blast-furnace work, which has so far been the 
only kind considered, the object of the dry blast 
is to increase output and reduce fuel consumption. 
But the Bessemer converter presents a problem ofa 
nature altogether different. There the chief object 
is homogeneity of product, although, as will be 
shown, there is another = which might be 
sought for simultaneously. Since in this case there 
is no direct saving of fuel, the application of the 
dry blast has up to now not met with great success. 
One plant has been put down in this country, but 
no statistics are available of its performance. In 
America the first plant to be erected—that at the 
South Works of the Illinois Steel Company, Chicago 
—has been shut down, as, in the opinion of the 
owners, the results did not warrant the expense 
involved. The report of the experiments which 
led them to this conclusion is, however, a sugges- 
tive document, and is worth summarising. For the 
report itself the writer is indebted to Mr. Gayley, 
the inventor of the dry-blast process. It was pre- 
meg for Mr. Gayley by Mr. P. H. Dudley, of New 

ork. 

The first effect noticed when the dry blast was 
used was that the ingots were free from pit-marks 
—" at the extreme top, which is discarded. 
The blooms also had a look of much greater solidity. 
A typical -ingot, 53 in. long, and tapering from 
17} in. by 18} in. at the bottom to 164 in. by 
173 in. at the top, was cast in a new type mould, 
65 in. high. It was cut longitudinally in half 
without a trace of blow-holes on the sides, except 
at the extreme top, being detected. Only a few 
blow-holes were found in the centre, and these 
had clean unoxidised surfaces, slightly striated. 
They seemed to be the centre of only a limited 
segregation. Ingots cast in the older type of mould, 
which had a r cross-section using normal blast, 
cracked extensively in the three-high blooming- 
rolls, particularly at the top or butt end. With 
dry blast, on the other hand, ingots cast in the old 
type moulds withstood the rapid three-high bloom- 
ing almost twice as well as was the case with ordinary 
blast. This was apparent from the reduction in 
second-quality rails. 

The dry blast was then used to make 2500 tons 
of 100-lb. rails for the Michigan Central Railroad. 
After leaving the converter, the metal was recar- 
burised and held in the intermediate ladle for 
three minutes. It was then poured from the teem- 
ing ladle through a 1}-in. nozzle, and the ingots, 
when they had been in the soaking-pits for two 
hours, were bloomed in the three-high rapid-bloom- 
ing rolls. The rails produced were found to have 
a good colour, and to be tough and free from seams. 
They were reported to be the best the mill had 
pom finery and in one lot of 1238 only 14 had to be 
rejected. The blooms also were found to be much 
sounder when the ends were cropped off, and the 








® See Appendix C. 


percentage of rejections was considerably smaller 
than usual. 


Finally, a very important point in favour of the 
dry blast was stated to be the facility with which 
the silicon pion could be controlled. For 
some days the converter was working continuously 
on metal containing about 0.60 per cent. of silicon, 
which had presumably to be reduced to less than 
0.20 per cent., the limit allowed by the American 
railway companies, and the ease and accuracy with 
which the operations could be conducted were 
stated to be noticeable in a marked degree. 

Successful as the experiments were, however, 
with regard to the quality of the product, a dis- 
advantage quickly “-_ “+ in the shape of a 
diminution in output. is was due to the effect 
of the dry blast on the temperature. As was only 
to be expected, the latter rose considerably, and it 
was found that, to bring it within safe limits, it was 
necessary to be constantly turning over the con- 
verter, so that scrap could be fed in to cool the 
metal. As a result, time was lost, and the reduced 
output which ensued was held to outweigh the im- 
provement in quality. Consequently the use of 
the plant, so far as the converter was concerned, 
was abandoned. 

The question at once arises, could not the - 
centage of silicon be reduced still further ? tr it 
could be,a double end would be achieved. Not 
only would the principal objection to the use of 
the dry blast in the converter be removed, but the 
grade of iron required would be lowered to an 
extent which would effect a considerable economy 
of fuel in the blast-furnace. The state of things 
would be that less fuel would be used in the blast- 
furnace to produce a lower grade of iron, and no 
ee would be required during conversion, 
since there would not be sufficient silicon in the 
metal to make the blow too hot. At the same time, 
when using the dried blast, a homogeneous steel 
would be uced. Here is the second objective, 
already hinted at, in the use of the dry blast for 
steel-making, and it seems a question on which at 
any rate discussion might be invited. 

e saving which might be effected in the blast- 
furnace if a lower grade of iron could be used is 
well known to be a very considerable one. As an 
example, two sets of figures are quoted in the 
table printed below, which is taken from tests of the 
Steel Company of Canada, Hamilton Plant. Record of 

Blast-Furnace ‘‘ B” for April, 1915. 

The furnace was operated with dry blast carrying an average 
of 0.826 grain of moisture per eubic foot. ie average 
moisture in the atm: ere during the same period was 
2.841 grains per cubic foot. The yield of ores for the month 


was as follows :—For basic iron, 50.64 ; for foundry iron, 
61.55. 











| Av 
April, 1915. Product. | sitcom Coke per Ton. 
Basic Iron. 
1 474 1.25 2016 
17 445 1.09 2073 
18 418 1,00 1976 
19 463 1.08 1861 
20 41z 1.00 2151 
21 473 1.09 1892 
22 453 0.85 1818 
23 453 0.95 1917 
24 418 1.05 2100 Lost 38 min.; tuyeres 
25 479 1.05 1833 
26 433 1.10 1965 
27 432 0.89 1914 Lost 55 min.; tuyeres 
28 463 0.73 1861 
29 456 0.87 1925 
30 473 0.64 1802 Lost 55 min.; tuyeres 
452 0.97 1911 (average) 
Foundry Tron, 
2 326 2.71 2532 
% 374 3.15 2256 
4 347 3.24 2407 
5 368 2.90 2206 
6 371 2.31 2156 
7 379 223 2067 
8 3r3 2.60 2177 
9 3y0 2.97 2140 
10 389 3.16 2102 
ll 391 2.98 2137 
12 380 8.08 2198 
13 387 3.01 2201 
14 418 2.63 2038 
15 417 2.70 2000 
16 398 2.60 2030 
_ 351 2.82 2157 (average) 


plant owned by the Steel Company of Canada. 
The figures refer to two periods in which were 
respectively produced, from ores of about equal 
richness, basic iron averaging 0.97 per cent. of 
silicon and foundry iron averaging 2.82 per cent. 
It will be noticed at once how the difference in the 
silicon percentage affects the cost of the iron. Not 








only was there a saving of 11.4 per cent. in fuel 
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when producing the lower grade, but there was, 
at the same time, an increase of 18.6 per cent. in 
the tonnage of the daily output. 

The difficulty, of course, is that as the grade of 
iron produced in the blast-furnace is lowered, the 
percentage of sulphur increases. Sulphur absorbed 
into the iron from the fuel is not extracted in the 
converter, except to a very small extent, and the 
consequence is that the product tends to become 
‘red short.” Even so small a quantity as y; per 
cent. is likely to make a rail roll badly. The reason 
for this increase in the percentage of sulphur in 
low-grade irons is that the most favourable con- 
ditions for its removal are a high temperature, 
plenty of lime, and plenty of fuel. In those cir- 
cumstances, the carbon, the sulphide of iron, and 
the lime react upon one another, the carbon re- 
ducing the lime and leaving the calcium free to 
combine with the sulphur. But these conditions 
are also those favourable to the absorption of sili- 
con into the iron. The higher the temperature 
the more silicon will be absorbed. Hence at a low 
temperature, such as would be necessary to reduce 
the percentage of silicon in the pig, the conditions 
would not favour the removal of the sulphur. 
This, in fact, is one of the chief difficulties when 
producing basic pig (which must be low in silicon 
to avoid fluxing away the lining of the converter), 
that the silicon cannot be diminished without the 
sulphur increasing. 

e question, in fact, is one for the chemist. 
Can he find means to lower the silicon sufficiently 
without unduly increasing the sulphur? Fortu- 
nately, in the case of the dry blast, the problem 
should be easier to solve. Using that system, it 
appears that whenever for any reason there is a 
temporary fall in the temperature of the hearth, 
the sulphur does not increase, and the uniformity 
of the product is unimpaired, According to Pro- 
fessor Le Chatelier* the reason is a difference in 
the nature of the chemical reactioris in which the 
sulphur is involved. With dry air the — in 
the fuel near the tuyeres would form sulphuric 
acid, which would be absorbed by the lime before 
it could arrive at the cooler —_ — the — 
is in a spongy state, capable of absorbing gases. 
before, the sulphur sae disappear in the slag as 
calcium sulphide. If, on the other hand, hydrogen 
and water vapour were present, the absorption of 
the sulphur by the lime would be incomplete, and 
sulphuretted hydrogen would be formed, which 
would rise into the zone of spongy iron and pos- 
sibly combine with it. Hence, by using air, 
it would be possible to work the furnace at a lower 
temperature without unduly increasing the per- 
centage of sulphur. Anda lower temperature 
would, of course, mean less silicon. fessor 
Le Chatelier supports his theory by details of 
laboratory experiments performed by him, in which 
calcium sulphide was heated in a current of carbon 
monoxide to 600 deg. Cent. If the carbon mon- 
oxide was kept dry, no sulphur was volatilised ; if 
it was moistened, a slight volatilisation was detected ; 
and if 10 per cent. of hydrogen was mixed with it, 
sulphur was volatilised in considerable quantities. 
It follows from these results that dry air tends to 
prevent sulphur combining with the iron, and that 
is borne out, as already stated, by actual ex- 
perience with the furnace. 

To what extent the | pce of silicon must 
be lowered is a matter of experiment. At present 
it appears to be common practice to use about 1 to 
1} per cent. with the acid process. On the other 
hand, it has already been stated that when the dry 
blast is used even 0.60 per cent. of silicon makes 
the blow too hot, so that the percentage of silicon 
cannot be reduced sufficiently without throwing in 
scrap to keep the temperature down. 

It seems, then, that in this direction a more 
favourable field is open to the dry blast. If the 
silicon can be kept low enough, the full benefit in 
the shape of homogeneity of product will be ob- 
tained in the converter, and a large saving of fuel 
will take place in the blast-furnace, owing to the 
lower grade of pig required. Atthe same time the 
effect of the dry blast on the blast-furnace itself 
should be more marked, for it has always been 
noticed that it is in making white iron or basic pig 
that the percentage of economy realised is greatest. 
This has been set down to the small proportion of 
the total heat of combustion of the fuel available 
at the tuyeres for the final high-temperature reac- 





* Journal of the Iron and Steel Institute, 1905, pages 
and 300. 


tions. The amount of heat lost at this point by 
dissociation of the water, although small in com- 
parison with the total heat developed, is large as 
com with the small proportion available, so 
that in low-grade irons, where the final tempera- 
ture is low, the variations due to moisture in the 
blast have their greatest effect. 

There is no question that the homogeneity of 
_— obtained with Bessemer steel by the use of 

ry air would be of very great advantage to 
Bessemer manufacturers. For boiler and ship- 
building work at present, for example, the plates 
are nearly always of Siemens acid steel, for the 
manufacture of which expensive Spanish or Cum- 
berland hematite ores have to be used. In struc- 
tural work Siemens basic steel commands most 
of the market, and it is only for stee! rails and 
similar purposes that Bessemer steel is at all gene- 
rally employed, while even in that field there has 
been a tendency to supplant it by steel made on the 
Siemens process. French engineers, indeed, now 
use quite a large quantity of rails made from 
Siemens-Martin open-hearth steel. 

Last year, to show the trend of the market, the 
total steel produced in this kingdom was as under: 


Tons 
Acid Bessemer 797,000 
Basic ,, 482,000 
Siemens acid ... 3,680,000 
os basic... 2,874,000 


If a homogeneous Bessemer steel could be pro- 
duced, there is no doubt that this small share of 
the total output which it at present possesses would 
be comibeniy increased. 

No data are available of any application of the 
dry blast to the Siemens and Siemens-Martin open- 
hearth processes; but, while it seems probable 
that a similar increase in uniformity of product 
would be obtained, it is questionable if the gain 
would be worth the cost of installing and running 
the plant. The product itself is fairly uniform to 
begin with, and, in addition to the air supply, the 
producer-gas as well would have to be dried. The 
variation in the moisture contents, besides, is not 
so noticeable, since the Mond gas, although not 
ary, has a more or less uniform humidity. 

t is possible, then, that it may be found practic- 
able to apply the dry blast in a wider zone of cases 
than at present, instead of restricting its applica- 
tion to those in which conditions are most favour- 
able (such as in American practice). Smaller 
plants and smaller buildings erected at less expense 
and run at a smaller cost should help to this end, 
and, if the possibility of applying the dry blast 
simultaneously to the converter and the blast- 
furnace could be worked out, this should be another 
powerful argument in its favour. Even if the cost 
of drying the whole of the blast is considered to be 
too high, it may perhaps be found that the drying 
of a portion of it will yield a profitable return. In 
one of Mr. Gayley’s experiments he found that, 
with one-third dry blast, although he obtained 
only one-third of economy in fuel, he reached the 
full increase in output. In another experiment, 
although this perhaps is not such a fair instance, 
occurring as it did right at the beginning of the 
investigations, he not only secured with one-third 
dry blast the full increase in output, but obtained 
at the same time 60 per cent. of the full economy 
in fuel. 





Sanp - Live Bricks in THE UnitTep States. — The 
American sand-lime brick manufacture was s' 
in the State of Michi in 1901, and was almost 
at once boomed throughout the United States. By 
1903 the number of such works in the United States 
had risen to seventy-six, by 1907 to ninety-four. Then 
a@ general decrease seb in; in 1914 only sixty-two 
works were actually producing, and the value of the 
production, which had totalled 1,225,759 dols. in 1907, 
was down again to 1,058,512 dole. There had been a 
deal of fluctuation, and new works had frequently 
m installed in districts where raw ials, proper 
transport facilities, or technical skill were wanting. Ab 
resent the industry is on a firmer footing, and ordinary 
icks for building purpcaes are mainly being made, whilst 
originally window-sills, trimmings, columns, capitals, and 
ornamental pieces for gardens and Jawns were consid 
the most promising products. The States of Michigan, 
Wisconsin, and New York are now leadi in this 
industry. We take our figures from a com i 
Jefferson Middleton, ‘‘The Production of Sand-Lime 
Brick in 1914,” published in ‘“*The Mineral Resources of 
the United States, 1915,” and separately published as 
Paper II.: 1. The paper gives statistical details about 
the number and aggregate output of the works in the 
different States, but, unfortunately, no technical informa- 
tion at all about installations, &. There are 





processes, 
only references to technical literature, chiefly 


ered | the right-hand pillar in Fig. 8, on 
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DUPLEX BORING AND TURNING-MILL. 


WE illustrate on 154, 155, and 162, a 40-in. 
duplex boring and turning-mill constructed by Messrs. 
Webster and Bennett, Limited, of Northey Road 
Works, Foleshill, Coventry, and designed by them 
with a view to obtainin © maximum output with 
the minimum cost for labour and the minimum floor 
space. The tool is icularly well suited for use 
in railway shops motor-car works where large 
numbers of similar parts have to be produced, but, as 
either table can be used quite independently of the 
other, it can be kept fully employed in a general engi- 
neering shop. 

The photographs reproduced on pages 154 and 162, 
in Figs. 1 and 8, which are, respectively, rear and 
front views of the machine, illustrate its general 
design and give an idea of its substantial construc- 
tion. As will be seen, the base consists of a box- 
shaped casting extended at the front to form the bear- 
ings for the tables, and earrying two strong curved 
piles which support the cross-slide. The gear-box, 
which is bolted to the back of the base, and is best 
shown in Fig. 1, contains two complete sets of gearing, 
oiled by h lubrication. It is driven by two sets 
of fast loose pulleys, 16 in. in diameter, for 4-in. 
belts, and running at 360 revolutions per minute. 
These pulleys, it will be noticed, are turned round at 
tight angles, by the use of bevel-gearing, so that 
their shafts come parallel with the cross-slide, and the 
machine can thus be fixed with its greatest length in 
line with the main shafting of the shop ; this is, of 

» & great convenience in laying out a plant. 
The box is, however, provided with facings at the 
end, as seen in Fig. 1, on which angle-brackets can be 
fixed for carrying a motor if it is desired to drive the 
machine ——e The tables sare provided with 
planed T grooves for fixing the work, which can be 
taken up to 41 in. in diameter and up to 21 in. high 
under the cross-slide ; the height admitted under the 
turrets is 28 in. The spindles run in adjustable taper 
bearings, and the downward thrust is taken on pres- 
sure-rings running in oil, and placed immediately 
under the tables, which are driven by spur-gearing to 
obviate any tendency to lift. Each table is driven 
through an independent set of sliding-gears, contained 
in the -box previously refe to, giving nine 
speeds of rotation ; but by double gearing, controlled 
by friction clutches, the speeds, which are in geo- 
metrical progression, are increased to sera the 
gears are arranged so that it is impossible to engage 
two conflicting sets at once. The tables are each 
controlled by three levers placed below them on 
either side of. the machine, and best shown in Fig. 8. 
The inner lever starts and stops the table by shifting 
the belt-fork, and the other two vary the s by 
a sliding gears ; a pointer and dial are 
provi on both sets of levers to indicate their 
correct positions. The levers for controlling the 
friction clutches are carried at the front of the base 
between the tables. 

One of the special features of this machine is the 
method of balancing the turret-slides, for which pur- 
pose spiral springs, enclosed in boxes seen at the top 
of Figs. 1 and 8, are employed. This arrangement 
enables the usual rather p na ba balance-weights and 
chains to be dispensed with, and considerably facili- 
tates the setting of the turret-slide for taper-turnin 
or boring, for which purpose the slides are poovided 
with swivels graduated in degrees. The springs, it 
should be mentioned, are designed to give a constant 
tension for any position of the turret-slide. The turrets 
have five faces for attaching special tools, and each 
face has a 2}-in. hole bored in position and provided 
with an efficient binder to secure the tool-holder. The 
dividing mechanism is of hardened steel, and stops are 
fitted to set the turrets central for boring. In order 
to enable the tools in one turret, when rotated, to 
clear those in the other, the turrets are set at a slight 
angle with the slides. Rapid power travel of the 
slides in all directions is provided ; it is operated by 
belt-drive from es on the first motion shafts of 
the gear-box to the pulleys at the back of the columns 
seen near the centre of Fig. 1, on page 154. 

The feeds, which are automatic and reversible, give 
&® maximum travel of 24 in. in a vertical direction and 
21 in. horizontally. The six feed-speeds provided are 
obtained by three-speed -boxes placed on both sides 
of the machine, and driving th h two-step cone 
pulleys, which are best shown in Fig. 1. The levers for 
controlling the rate of feed are mounted on the front of 
the gear-boxes, and one of them can be seen just below 
e 162. The feeds 
by levers at the ends of the cross-slide, 


are 
back front views of which are reproduced in 


by | Figs. 2 and 3, respectively, on page 154. The central 


lever, near the bottom of Fig. 3, controls clutches which 
engage either the vertical or horizontal feeds, but not 
both of them, while the right-hand lever is moved 
to the left to start the feed traverse, and te the right 
to start the rapid power traverse. Immediately over 
these two levers is another to reverse the direction of 





travel of the turret for both vertical and horizontal 
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Fig. 6, 


movements. The large dials seen on the right of 
Fig. 3 are provided for automatically tripping the 
feeds at any desired point in the travel; the upper 
dial is used for the vertical feed, and the lower one 
for the horizontal feed. Each dial is graduated in 


sixteenths of an inch, and is turned round by hand | 

















vided to prevent undue strain from coming on the feed 
mechanism if the tool should meet with any obstruc- 
tion. It is adjusted to keep the two parts of a bevelled 
dog clutch in engagement under normal working 
conditions, but allow them to slip if the torque trans- 
mitted exceeds a predetermined amount. Micrometer 


until a small pointer indicates the required distance | collars fitted at the extreme ends of the feed-shafte for 


of travel; it is then locked by the hand-wheel. When | the fine adjustment of the 
the machine is working, the dials are rotated by worm- | 
gearing from the feed-shafts, and the feed trips when | 
the zero of the dial returns to the fixed pointer. How | 
this is accomplished will best be understood from an | 


inspection of Fig. 2, which is a view of the back of 
the cross-slide. Setting the dials varies the angular 
distance between the radial arms keyed on to the dial 
spindles and some stationary stops, and so alters the 
distance which must be travelled before the arms come 
into contact with the stops. The latter are connected 
by rods to a drop-worm, which drives the feed-shafte, 
and can be seen to the right of the cone-pulley, so that 
when the radial arm reaches the stop the worm is 
disengaged. Two sets of rods are provided, so that 
the rods are operated in tension for both directions of 
feed. The spring seen in Fig. 2, above the cone- 
pulley and to the left, is part of a safety device pro- 





ition of the tools are 
visible in Figs. 2 and 3, though their graduations 
cannot be distinguished. In concluding our general 
description of the tool, we should add that its total 
weight is 7} tons, and the floor space occupied is 
12 ft. 3 in. by 8 ft. 10 in.; the whole of the gears are 
cut from solid blanks and enclosed. 

The remaining illustrations, Figs. 4 to 7,on the present 
page and 162, are included to show examples of 
the class of work for which the machine is especially 
adapted. In Fig. 4 cast-steel road wheels for motor- 
lorries are being machined on both tables. That on the 
left-hand table is gripped by the rim, which is turned 
down as far as the flange, and the boss is faced at the 
same setting. The casting is then reversed and 
reset on the right-hand table, to which it is fixed by 
bolts and clamps, and the boss is then bored and 
recessed with a double-sided cutter. The turning of 








Fie. 5. 


the rim is completed, and the brake-drum is then 
machined inside and outside with a tool held in a 
special tool-holder, which is of elliptical section to 
obtain the maximum rigidity. Fig. 5 shows the 
machine adapted for ~~ vacuum-brake cylinders, 
and for this purpose, it will be noticed, square turrets 
are fitted ; these, together with the turret-slides, will 
enter a cylinder of 15-in. bore. Two boring-tools are 
cogiaged, bolted to adjacent faces of the turret, and 
the distance between the points of the two tools deter- 
mines the diameter of the bore. The tool shown on 
the top left-hand side of the left-hand turret is used 
for grooving the bottom of the cylinder, and on the 
other side of the same turret a bar for boring a small 
hole in the base of the cylinder will be seen. The 
at the bottom of the cylinder is turned on the 
outside, and, in order to keep the flange-turning tools 
under observation, the two tables are made to revolve 
in spent directions—i.e., outwards from the centre 
of the machine in both cases. In the next illustration, 
Fig. 6, two different parts of a motor-lorry are being 
machined simultaneously. That on the left-hand table 
isa brake-drum, which, it will be seen, is gripped on 
the outer rim by dogs. It is bored sat cuchioed 
on the sides and bottom of the channel, and the outer 
rim is also faced and edged ; the piece is completely 
finished at one setting. On the right-hand table 
gear-box is set up for boring and facing the In 
this case the box has four side faces at right angles, so 
that it can be gripped conveniently by dogs raised up 
on Sage eg as shown. 
ig. 7 shows four pairs of locomotive eccentrio-straps 
being recessed simultaneously on one of the tables. 
The straps are first surfaced separately on both sides 
head omg round-nosed tools, and four pairs are then 
bol to the vertical members of two angle-plates, 
which are secured to the table of the machine, as 
shown, for the boring and recessing operations. After 
boring, the recesses are all cut at once with four 
tools carried in a stiff tool-holder, bolted on to the 
flat face of the turret, so that very accurate results 
are obtained at a low cost for labour. 

It is scarcely to add that the foregoing 
examples of work done on the machine by no means 
exhaust its possibilities. The makers’ chief claims for 
it are the rapid production of accurate work with low 
labour costs, and these promise to be even more 
important considerations for manufacturing engineers 
in the future than in the past. At the present time 
they appeal with especial force to managers of engi- 
neering works engaged on war contracts. 





AMERICAN Pic-Inon.—The output of 
United States in December was 3,203, 
average of 103,333 tons per day. The monthly daily 
average output of American pig last year was as follows : 
—January, 51,659 tons; February, 59,813 tons; March, 
66,575 tons ; April, 70,550 tons ; May, 73,015 tons; June, 
79,661 tons; aly, 82,691 tons; August, 89,666 tons ; 

mber, tons ; October, 100,822 tons; Nov. 
ember, 101,244 tons; and December, 103,333 tons. There 
has, accordingly, been a steady increase in the output 
during the past twelve months, 


ig-iron in the 
tons, or an 
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INDUSTRIAL NOTES. 


Wiru reference to labour the Director of the De- 
partment of Labour Statistics states in the Board of 
Trade Labour Gazette that the calling up of further 
groups for the Army has accentuated the shortage of 
male labour, and, although the substitution of women 
for men has extended in many directions, more 
volunteers from among women are needed to meet the 
industrial requirements. 

The changes in rates of w reported as taking 
effect in January affected nearly 488,000 workpeople, 
and resulted in a net increase of 22,000/. per week. 
The principal increases reported affec 270,000 
workpeople in the cotton-weaving ae, Stars 
woollen and worsted operatives in Yorkshire, and 
22,000 engineering labourers in the Sheffield and 
Manchester districts. The only decrease reported 
affected coal-miners in Northumberland, numbering 
nearly 50,000. 

The number of disputes beginning in January 
was 38, and the total number of workpeople involved 
in all disputes in p was 11,697, as compared 
with 8817 in the previous month and 5889 in January, 
1915. The estimated total aggregate duration of all 
disputes during the month was 97,600 working days, 
as compared with 74,800 in December, 1915, and 
55,900 in January, 1915. 

The ave weekly number of vacancies notified to 
all Labour Exchanges for the five weeks ended Janu- 
ary 14 was 31,572, as compared with 36,820 in the 
four previous weeks and with 30,589 in the five weeks 
ended January 15, 1915. The average weekly number 
of vacancies filled for the same periods was 23,352, 
24,829, and 21,606 respectively. 


Retail prices of food in the United Kingdom ad- 
vanced ckout 14 per cent. in January. our and 
bread increased in price to the extent of about 6 per 
cent.—4d. per 34 lb. flour and per 4 lb. bread. As 
regards meat, frozen mutton increased in price about 
34 per cent., and imported beef by about 2 per cent. 
British meat, however, did not advance so much. The 
average rise in the retail price of granulated sugar, con- 
sequent on an advance in the wholesale price, amounted 
to about 5 per cent. As compared with February 1, 
1915, there was an average increase of 20 per cent. 
Taking the country as a whole, and making allowance 
for the relative importance of the various articles in 
working-class household expenditure, the average in- 
crease in the retail pric:s of food since the beginning 
of the war may be put at 47 per cent. This figure 
relates to food only, and in estimating the increased 
cost of living this increase must not be applied to the 
total family expenditure, but only to that proportion 
wh'ch is expended on food. 








During December a slight rise (0.8 per cent.) was 
recorded in retail food prices in Berlin, and the 
general level of prices of certain of the more important 
articles of food was 83.4 per cent. above that of July, 
1914. At the prices recorded in the Statistische Korre- 
sponden: —i.e., the legal maximum prices — some 
articles, such as bread, flour, butter, pork, and milk, 
are purchasable only in strictly limited quantities ; 
while others, such as lard, beans, peas, and lentils, 
would appear to be practically unobtainable. 

In December a fall of 3.3 per cent. was recorded in 
the retail prices of various articles of food in Vienna, 
but the general level of food prices was 112.9 per cent. 
higher than in July, 1914. 





During D.cember there was a rise of 2 per cent. in 
the retail prices of certain articles of food in Italy, 
and the geueral level of food prices was 31.2 per cent. 
higher than in July, 1914. 

Lists of current retail prices of necessaries are pub- 
lished regularly by the Union of Swiss Co-operative 
Societies. In order to obtain some idea as to the 
effect upon household expenditure of the increases 
shown by the recent issues of these lists, the Swiss 
League for Reducing the Cost of Living has taken the 
prices for June, 1914, September, 1915, and De- 
cember, 1915, and calculated the sum to 
purchase the quantity of each commodity consumed 
in the course of a ycar by an average family of two 
adults and three children under ten years of age at 
the prices prevailing at each of these three dates. 

The extent of the increase ws ‘not the same in all 
parts of the country. If, for example, the . period 
from Jane, 1914, to December, 1915, be taken, the 
average rise was 26 per cent. in Switzerland as a 
whole, whereas in the separate cantons or districts it 
varied from 22.6 to 35.7 per cent. 


The Minister of Munitions announces that he has 
made an order under Section 4 of the Munitions of 
War Act, 1915, declaring 116 additional establish- 


ments as controlled establishments under the Act, as 
from February 14, 1916. A total of 2834 establish- 
ments have now been declared as controlled under 
the Act, from the date of the first order, July 12, 
1915, to February 10, 1916, inolusive. 





The last report issued by the Amalgamated Society 
of Engineers contains the following remarks written 
by its secretary, Mr. Robert Young, who recently 
went tothe Front in France and Belgium with the 
object of finding men for supervision work in the 
new national munition factories. He was accompanied 
by Labour Exchange officials and officers of the Minis- 
try of Munitions. 

r. Young says :—‘‘I saw much to cheer me in 
the spirit and patience and marvellous optimism of 
our men. I saw much to sadden me in the abomina- 
tion of desolation which even my keen imagination of 
the horrors of war had not anticipated. I saw the 
need for shells and heavy armaments, and, I t to 
say it, [saw the needfor men. I heard of our fellows 
in the war’s early stages enduring heavy bombard- 
ments with heroic stoicism, while they themselves 
could only return a feeble reply, in order to husband 
their resources against a more serious attack. I saw 
our men covered with the mud and dirt of the trenches 
cheerfully getting on with their work in the firm 
belief that the cause and the country for which they 
fight must and will ultimately triumph. Every one, 
as far as my experience went, and I speak of officers 
and men alike, would be glad to have the war ended ; 
but to all of them there could be and there was no 
other desire than to see the war at an end asa result 
of the Allies’ success on all fronts. And to this end 
they expect their fellow workers at home to back their 
efforts. ‘Hurry up with the shells’ was the farewell 
salute of an officer and some of his men as I parted 
from them.” 

A large number of men were selected, about half of 
whom were A. 8. E. members. These are now being 
placed in the new workshops for supervision work in 
connection with the dilution scheme. 


In the monthly trade report for January, issued by 
the United Patternmakers’ Association, the general 
secretary states that the association has fewer members 
out of work than have been returned for the last 
sixteen years, when the membership was less than 
one-half of what itis now. The great majority of the 
branches have a clear book, and those who do return 
members as being out of work —— that 
there is every likelihood of the few on the books being 
placed within the next day or two. It really looks as 
though the unemployed members are being absorbed 
in occupations other than patternmaking. If this 
policy is generally followed, it may well be that before 
ong patternmakers will be as scarce as highly-skilled 
fitters, turners, and the like. 





At a meeting of railwaymen, held at Willesden last 
Sunday, Mr. J. H. Thomas, M.P., stated his belief 
that an industrial war would come when the present 
conflict was over. There were now nearly four million 
workers turned from producers into consumers. ‘There 
were approximately 1,750,000 women brought into 
industry for the first time, and there were roughly six 
million men and women, directly or indirectly, engaged 
either in the manufacture of munitions or of equip- 
ments for war service. Peace would not come like a 
thief in the night. There would be discussions as to 
the terms of peace, and the first and inevitable result 
would be that a ‘‘ tip” would go round that orders 
must cease, and contracts be broken, and those who 
were en in war work would immediately find 
themselves thrown out of employment. Beyond that 
there would be hundreds of thousands of men return- 
ing partially maimed and disabled. They must clearly 
demand that all those who had fought the nation’s 
battles must be the nation’s a in the future. He 
looked with apprehension to the future so far as 
labour was concerned. 





The report of the Steam-Engine Makers’ Society, 
dated the 8th inst., gives the membership as 19,000, 
the unemployed as five, and the capital as 160,000/. The 
report states that there are not in the country enough 
engineers by many thousands to supply the needs of 
the nation. ‘* Hence,” the report adds. ** much as we 
may dislike the position and the realities of war, there 
is no alternative—unlees we be traitors and desert the 
men in the field of battle—but to recognise as a sheer 
necessity the ‘dilution of the skilled labour scheme,’ 
bitter to the crafteman though it be ; but the present 
war and its barbarities are more bitter still.” 





At a meeting of farmers, held last week at Rom- 
ford, Mr. F. D. Acland, Parliamen Secre of 
the Board of Agriculture, said it would require the 
whole-hearted support of agriculturists if they were 
to last out longer than their opponents, and he ap- 

led to farmers not to give up their land, as they 
ad threatened, because they could not get labour. 
Everything possible would be done by the Government 
to keep the labour on the farms, they were 
convinced that the industry was indispensable to the 
country, but he hoped farmere would justify this 
decision by getting as much as possible out of the 
land, and thus keep our imports down. He also made 
@ strong appeal to employees to work harder and 





tions 
were now being issued which would enable farmers to 
get men for two or three days by application to the 
commanding officer at the nearest camp. 


Last ween the Health of Munition Workers’ Com- 
mittee issued two notes dealing with the employment 
of women and with the hours of work. They are both 
signed by Sir George Newman, M.D., chairman of the 
Committee. These notes are commented upon in our 
leading article. 

The note dealing with the ys mag of women 
reviews night work, the hours of labour, the arrange- 
ments for rest and meals, and the physical constitution 
of the women. It says that the fact that women and 
girls of all types and ages have pressed and are pressing 
into industry shows a spirit of patriotism which is as 
finely maintained as it was quickly shown. Speaking 
generally, there are five matters which, a; from 
questions of concern the health and industrial 
output of the worker—viz.:—(1) The period of employ- 
ment ; (2) Rest pauses and the provision of meals ; (3) 
Sanitary conditions of the factory ; (4) Physical con- 
dition of women workers ; (5) Questions of manage- 
ment and supervision. 

The note also discusses the questions of house 
accommodation and transit, of the periods for rest 
and meals, and adds that the nature of women’s work 
should be determined with due regard to its effect on 
their immediate and future health. Prolonged standing 
has been found a highly get cause of trouble 
to women and girls. hen standing is absolutely 
unavoidable, the hours and spells of employment 
should be | op aegg were short, and seats should be 
available for use d ing the brief pauses which 
occasionally occur, and while waiting for material or 
for the adjustment of a tool. A simple but ingenious 
form of seat is suggested. 

The Committee further recommend that in all cases 
where women are employed consideration should be 

iven by the management to the appointment of 
orewomen, nurses, and welfare supervisors, whose 
position and status should be properly assured, and 
whose duties should be prescribed. 

In regard to the second note, dealing with the hours 
of work, the Committee make the following recom- 
mendations for men workers as appropriate to the 
special conditions imposed by the war :— 

(a) The average weekly hours (exclusive of meal 
times) should not exceed 65 to 67, including over- 
time. Hours in excess of 65 should only be worked. 
for short periods, and to meet sudden unexpected 
circumstances. It may be desirable to differentiate to 
some extent between different kinds of work. 

(b) Where practicable, the overtime should be con- 
centrated within three or four days in the week, 
which should preferably not be consecutive. 

(c) Where overtime is worked, it is specially im- 
portant that there should be no Sunday work. 

(d) The practice prevailing in certain districts of 
working from spor morning all through Frida 
night until noon on Saturday should be Geicttinned, 
Such hours may be permissible for short spells, but 
cannot be satisfactory from the point of view either of 
health or output if continued for indefinite periods. 


longer hours than they were doing. New regula 








In a recent report on the conditions prevailing in 
the coal-mining industry due to the war, says the 
Yorkshire Post, a Departmental Committee, which 
had been appointed to investigate the subject, com- 
mented upon the high rate of absenteeism, and pointed 
out that Yorkshire miners were among the greatest 
offenders in this respect. It is an undoubted fact 
that output is being very seriously affected in con- 
sequence of the behaviour of a certain section of the 
men, and this at a time when it is imperative that 
every effort should be made to meet the urgent needs 
of manufacturers who are engaged upon Government 
work. Despite the publicity that has been given to 
the matter, absenteeism among miners in Yorkshire 
still continues to an alarming extent, and whilst an 
improvement is to be noted here and there, the trouble 
is deep-rooted. It is customary to allow a percentage 
of 8 for illness and other inevitable causes, but it 
appears to be the general experience of colliery 
managers that this margin is exceeded. 

On this point it is interesting to note the experience 
of a colliery near Leeds, where about 400 -miners 
are employed. Over a period extending from January 1 
of this year to the 8th inst. the percentage of absen- 
teeism shows a daily average of 264. On several dates 
absenteeism was prevalent to the extent of between 
35 and 45 per cent., and on January 29 the percentage 
rose to the remarkable figure of 49} at one of the pits 
owned by the company. The most favourable record 
was on January 18, when 11 per cent. of the men were 
absent from one pit, and 174 per cent. absent from 
arother pit. Most of the absentees are away from 
work on Saturdays and Mondays, thus leaving ovly 
four clear working days, and no reason is assi for 
absence. At another colliery in the vicinity of Leeds 
the daily percentage of absentees has been about 15 
for months past. 
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THE LATE MR. THOMAS DE COURCY 
MEADE. 

WE regret to have to announce the death, on the 
11th inst., at the Cottage Hospital, Buxton, following 
an operation for appendicitis, of Mr. Thomas de 
Courcy Meade, late City Surveyor of Manchester. 

Mr. Meade was born in November, 1852. He served 
his pupilage for three years, from 1870 to 1873, in the 
office of Mr. N. Jackson, County Surveyor, Cork, and 
remained in that office until he entered that of Lieut.- 
Colonel Haywood, Guildhall, London, E.C., as an 
assistant, in January, 1877. He left Colonel Haywood 
in June, 1880, upon his appointment as Surveyor to 

Local Board. In October of the same 
ear, Mr. Meade was yy Engineer to the 
Board, a iti i e held for many years, 
during which time he designed and carried out works 
of considerable magnitude, many of which were of 4 
very difficult character, including sewerage, sewage 
treatment, refuse disposal, road and bridge construc- 
tion, and various other public works. 

In the year 1894 Mr. Meade was B pegens City 
Surveyor for the town of Manchester, an account 
of part of the work which he carried out whilst hold- 
ing that position was given by him in his paper on 
‘The Manchester Drainage Scheme,” which he read 
before the British Association last autumn (see 
ENGINEERING, vol. c., page 280). 

He became a member of the Institution of Civil 
Engineers in March, 1891. 





BRITISH PATENT LAWS AND FUTURE 
GERMAN TRADE. 
To THE Eprror OF ENGINEERING. _ 

S1z,—The letter of Mr. J. Victor Armstrong, in your 
issue of February 11, is interesting as a criticism of the 
Patent Laws from the point of view of a patent agent. 
Curiously, however, in one respect Mr. Armstrong falls 
into error in seeking to correct Mr. Keith. _ ‘ 

Mr. Armstrong states that it is only possible in an 
answer to an infringement suit to petition for revocation 
of a British patent on the ground that a foreign patent 
for a similar invention has been granted or published 
previously. Mr. Armstrong a to have overlooked 
Section 25 of the Patents an i Act, 1907, which 
provides for the presentation of a petition by any on 
authorised by the Attorney-General. The ure in 
connection with the obtaining of the fiat of the Attorney- 
General is certainly cumbersome, and it does seem rather 
foolish that a petitioner should be obliged to incur heavy 
expense in proving by the evidence of a witness or wit- 
nesses that a copy of a foreign specification has been in 
the Patent Office Library before the date of the British 
patent—a fact which the Patent Office could establish for 
itself. The fact remains, however, that Mr. Keith’s 
statement is correct and his grievance correctly ex- 
pounded. . Es 

The International Convention forms no part of British 
patent law. I take it, however, that Mr. Keith’s point 
1s, that under Section 91 of the Act of 1907, foreign appli- 
cants obtain advantages not obtainable by Bri in- 
ventors seeking foreign patents. One advantage they do 
obtain is the antedating of the British patent, so that 
their British patent is ultimately enforceable against 

ties who have used the invention in the interval 
tween the date of the foreign application and the date 
of the British application. On the contrary, in Germany 
a so-called ‘‘ Vorbenutzungsrecht” exists. Certainly, 
however, foreigners are apt to object to the abbreviation 
of the term of the British patent, and advancement of 
* date when —— tea shi 
venture to suggest that the *‘ peculiar rights in regard 
to certain British Colonies,” which Mr. Armstrong attri- 
butes to British inventors, are non-existent. In certain 
colonies the proprietors of British patents may acquire 
peculiar rights, but such proprietors may be foreigners. 

Mr. Armstrong will poe that opposition proceeding: 
in Germany run their usual course even when the ope 
cant is a British subject. Where the invention is one 
such that patentability must be determined by tests 
conducted in accordance with the directions of the 
German Patent Office, the British inventor is at the 
present time certainly ee to hardship. In the case 
of opposition to a British application filed by a German 
subject, proceedings on the opposition are deferred until 
after the war. There is, say room for difference of 
opinion as to the desirability of extending the search 
effected by the Patens Office. It probably is true that 
within a limited field the British Patent Office conducts 
& more thorough than the search over a wide field 
conducted by the United States Patent Office. On the 
other hand, the owner of a United States patent pays to 
the United States Patent Office 35 dols. in all, whereas 
the tees payable on a British patent, if maintained for 
14 years, amount to 100/. Even though but few British 
patents are maintained for fourteen years, the fac» 
remains that for every British patent granted the British 
Patent Office receives more than the United States 
Patent Office receives in respect of the = of a United 
States patent. I should with . Keith to the 
extent of holding that the British inventor ought to get 


gest that, if the patent law should ever be redrafted, not 


I am not satisfied with the term “‘semi-Diesel.” As a 


only lawyers and engineers should be consulted, but also | matter of fact I do not like semi-anything, but person- 
that persons acquainted with English grammar should be | ally I am cextadaly not prapased to ahenden i for euch 0 
invited to render assistance. crude and, as your article truly says, designation as 

Yours faithfully, ** hot-bulb,” which does not di ish this type of 


ANOTHER Patent AGENT. 





SHELLS ; MORE SHELLS 
To THE Epiror oF ENGINEERING. 

Siz,—Surely Mr. E. Wheeler’s letter, in your columns 
of the 11th inst., can scarcely be looked upon as a fitting 
reply to the letters appearing in ENGINEERING of the 
28th ult. over the signatures of E. J. Davis, W. J. Foster, 
Frederick Mann, and myself? 

Without, however, elaborating matters further, might 
I be allowed to recall the fundamental idea of the whole 
argument, which ap to have been lost sight of 
=. ler and your anonymous corres 

irst, the engineers and ironfounders of the 
Kingdom having been called upon to help in the making 
of shell bodies with *‘ the tools they had got,” and that 
with these tools they could only make cast i 
which we have been told (by those in favour only of 
forged-steel shell bodies) are no good, how can the British 
ironfounders be of any service at all in this res; ? 
Secondly, if ‘‘a sufficient supply of steel” be not avai 
to make the millions of shell ies required, how is the gap 
to be filled up, or how is the necessary extra quantity of 
shell bodies to be secured, unless we follow a 
of the Germans by utilising the services of every avai 
iron foundry in the country to supply the por way and 
Thirdly, if only the steel industry be exploited by the 
Government, and the great iron-founding business be 
neglected and allowed to run to seed, how is that busi- 
ness (one of the backbones of the country) to be, as you 
have so well put it, ‘kept going,” not only during the 
war, but after the war is over? If, again, a call were made 
for cast shell bodies formed of a specified and 
mixture of iron, can there be any doubt that er the 
patro: or ‘‘controlling ” influence of the Government, 
a sufficient supply would not be forthcoming? The 
“*too-late” policy has admittedly already cost the nation 
considerable loss in lives, treasure, and prestige, and it is 
to be hoped that before it is again too late the Munitions 
Department will act on the Government instructions and 
“*seek fresh sources of supply by ss the untapped 
engineering reserves of the country” by taking full 
advantage of the great ironfounding as well as the steel 
industry facilities open to it, and thus all the sooner 
secure victory and peace. 


** Dunottar,” Brondesbury, London, N.W., 
February 14, 1916. 





‘““THE NOMENCLATURE OF INTERNAL- 
COMBUSTION ENGINES.” 
To THe Epiron or ENGINEERING. 

Sir,—With reference to the issue of ENGINEERING for 
February 11, and more yp to your article in 
regard to the ** Nom re of In 
Engines,” it would be very beneficial and interesting to 
have a general discussion on this subject. Your article 
puts forward some very sound suggestions. 

Without going into details, there is one point I would 
like to comment on—namely, the term “‘ two-cycle” and 
“four-cycle.” This term is now quite generally used, 
but, I think, quite wrongly. 

If itis n , or desirable, to abbreviate the terms 
“two-stroke cycle engines” and “four-stroke cycle 
engines,” it id be much more suggestive to use the 
terms ** two-stroke” engines and “four-stroke” engines. 

apo suaieer ot popens So need to ee 1 busti 
engines w' am 
the staff of the Vacuu 





Company in this and other 
countries, I am these terms ‘‘ two-stroke” and 
“* four-stroke ;” and although they are not by any means 
perfect, yet I believe most people will consider them 
more satisfactory than the terms “two-cycle” and “ four- 


cycle.” 
Yours faithfully, 
Vaouum Om Company, Limrren, 
(T. U. Thomsen, B.Sc., A.M.I. Mech. E., &c., 
Chief Engi 


ebruary 16, 1916. 


To THE EpiTor oF ENGINEERING. 

Srr,—I have been much interested in the article on the 
above subject in your issue of the llth inst., but I join 
issue on remarks with reference to the ‘‘ semi- Diesel ” 
or “ hot-bulb” engine. Being somewhat responsible for 
the use of the word “‘semi-Diesel,” I should like to point 
out that it has more justification than is indicated in the 
article. The designation was not ad on account of 
the ‘‘compression pressure being a ion of that 


Caxton House, Westminster, 8. W., 





—— the Diesel cycle,” but on account of the fact 
pap ye te ine, as in the Diesel, there is only 
SS St ee oe ion cycle, the 
injection of the fuel oil place after the compression 
cycle, or, rather, at or near point of stars comgoes, 
sion. In this respect this ty differs 


"Ike Mn Gece gnemennn an (0 tho dio |empsuniictedn 40% the eampadicy tasiiaey Uae 
Like Mr. , Lam in i as to - | com ion cy compression pressure neces- 
tribution of the credit for the phraseo! of the satily limited, im coneeq something under 65 Ib. 
Patents and Designs Acts. T believe, ver, that an | per in. I know thatthe Ackroyd patents 

ex-Lord r is responsible the egregious that the 


for 
in’ ?) two or more 


expression “‘ put in (or is it 
i : 16. I would sug- 


provisional specifications” of = 





fuel should be injected during the compression 
cycle; but in practice this was abandoned, and the fuel 
was injected during the inspiration cycle. 


ents. 
United | 4 


bodies, | be interesting to hear w’ 


ternal-Combustion | the ind 
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engine & eng, soe rem othess that Save gene deleee. 

he essential point of difference between the type of 
engine under di on and the Diesel is in the ignition 
which is oo 4 not by gs 3 Kane aay a 
arising from air compression, but by injecti 

oil on to a hot metal surface which is not Any nama Seen 
& “hot bulb,” and it is this essential difference which 
should be expressed in any satisfactory designation for 
this class of engine. 

The shortest series of words in which I can properly 
express the specific points of this type of 6 is as 
fe ‘ows :— “* Compression before injection surface igni- 
tion. 

For everyday designation, however, it is necessary to 

- a ot sate s re a AF me aan 
suggest that, although 

this type be termed “cusfens igueitlan engines Ts would 

hether any other of your corre- 

ts can make a better suggestion, as it is most 

irable that this valuable type engine should not be 

efflicted with an imadequate or unsatisfactory nomen- 


clature. 
T am, Sir, yours faithfully, 
P. W. Perrer. 
West Park House, Yeovil, February 15, 1916. 





Tue Rervoatine or THE “ Henwpen Haw..”—The 
4000-ton 8.8. Hall, after being ashore nine months 
at the mouth of the St. Lawrence, has been successfully 
refloated by the Canadian Soeage Ausieten ion. The 
bottom of No. 2 hold was completely crushed in, and the 
whole tank ripped open. The plan followed was to make 
4 the injury to the tanks where practicable. The 

eck above No. 2 hold was then strongly braced and 
made air-tight. The water was then forced out by means 
of compressed air, and the vessel safely floated off and 
conveyed into port. 





Tue University or Hone Konc.—We have received 
a copy of the calendar for 1915-16 of the University of 
Hong Kong. The establishment of this institution was 
first suggested in 1905, but it was not until ove ome 
ow fm WA wey ye RAL H. N. Mody 
a a ~~» a ne aang 
ormally incorporated in . Special attention 
been devoted to the faculty of i ing, i 
which extends over four years. The engineering labora- 
conan, Mente to the foresight and generosity of certain 
British firms, are excellently equipped, and this equip- 
ment serves not merely for the purposes of instruction, 
but constitutes a standing advertisement of British goo. s. 





Commerrciat ConpiTions In Japan.—H.M. Consul- 
General at Kobé — says the Board of Trade 
Journal, that = result AA the war will A. hed —— 
industries o! A, main part of whose foreign 
trade is done by Kobé. Industries which were bei 
—_ worked up against the competition of the im 
articles have suddenly been given a free field. To how 
aay ee medy Pee senllo te Gin exenaian to 
ish themselves firmly against the time when they have 
again to face competition remains to be seen, but it 


goods will be faced with difficulties than for- 
merly. The e o and Austro-Hun- 
garian competition would appear at first sight to afford 

° ity, but, as far as can be seen at 


present, therefore, it is rather a question of how 
much of the old trade—in machinery and metals, for 
instance—can be maintained. In pig-iron the import of 
Cleveland iron has already been affected  & 
of Indian pig-iron and the reopening of too. 
yang mines. In plates and sheets the activity of 
the shipbuilding yards has rendered the depression less 
in this than in other lines. The trade in galvanised sheets 
is dwindling as a result of the local manufacture, and the 
drop in the import of wire nails from 239,000 piculs in 1912 
000 in 1914 is even more striking. (1 picul = 
_The war has revolutionised zinc-refining in 
Japan. Hitherto the two refining concerns at Amagasaki, 
near Osaka, and Miike, in Kyushiu, bave been slowly 
feeling their way. As a result of the war, great activity 


. 


has been shown in connection with mili 


ustralia 

accordingly i to the exten of 200 pele 
was ingly im: extent 
There was 4 pm may 4 imports of i from 
,697,000/. in 1913 to 1,342,000/. in 1914. All classes of 
machinery shared in this decrease. The making of ma- 
ch in Japan is increasing yearly, and the demand for 
aye = of cata cpumaion ones, tyeneee ‘ 
in imps, water- 
motors, locomovives, and in many otber classes of ma- 
chinery, dogg end teens Bem the effect of local com- 

ish Some enpedisann tnenceptinn estes ier ones 
ri ex in ‘or 
delivery bas diverted pops re gem Roy hg 
expected to go to the United Kingdom. 
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SPANISH DESTROYERS OF THE 
**BUSTAMANTE” CLASS. 


(Concluded from page 131.) 


In continuation of our description of the new 
Spanish eugene Nate destroyers, we reproduce on 
Plate XIV. drawings of the propelling machinery, on 
this page two views in the turbine-room, on the 
opposite page drawings of the boilers. Figs. 15 to 20, 
Plate XIV., show the general arrangement of the 
turbines with the main steam-pipes, while Figs. 21 
to 26 give corresponding illustrations showing ially 
the auxiliaries and their connections. Figs. to 3], 
also on Plate XIV., illustrate the disposition of the 
shafting from the turbine to the propellers, and give 
also the dimensions. 

The —— have three lines of shafting, the centre 
one being driven by the high-pressure ahead turbine, 
the port by the high-pressure cruising and port low- 
pressure turbines, and the starboard by the inter- 
mediate-pressure cruising turbine and starboard low- 
pressure turbine. Astern turbines are incorporated in 
the after ends of the low-pressure turbines, and 
therefore the wing-shafte only are in action when the 
astern turbines are working. ll turbines are of the 
Parsons’ reaction type, and were constructed in the 
Ferrol Arsenal by La Sociedad Espajiola de Construc- 
cion Naval. 

For manceuvring purposes the main steam connec- 
tion is fitted to the low-pressure turbines, and these 
can be worked independently, either ahead or astern, 
by means of the manwuvring valves which are fitted 
on the forward engine-room bulkhead (Fig. 17). At 
economic speeds, the steam is passed through all the 
turbines in the following sequence :—High-pressure 
cruising turbine, intermediate-pressure cruising tur- 
bine, high-pressure ahead turbine, and then to the port 
and sasboned low-pressure turbines, and finally to the 
condensers. At higher speeds up to about 19 knots, 
the high-pressure cruising turbine may be cut out, 
this turbine running idly in vacuum, steam being 
admitted direct to the intermediate-pressure cruising 
turbine, passing through the rest of the turbines in 
the following sequence :—High-pressure ahead, port 
and cnvenel low-pressure turbines, and finally to the 
condensers. At high speeds both the high-pressure 
and intermediate-pressure cruising turbines are cut 
out, and steam is admitted direct to the high-pressure 
ahead turbine, passing from there to the low-pressure 
turbines. 

The turbine-drums and shaft portions are of forged 
steel, the rotor-wheels joining the drums and shaft 
portions being of cast steel: The high-pressure 
oruising-turbine drum is 640 mm. in diameter. There 
are three expansions in this turbine, the blades varying 
in height from 10 mm. to17 mm, _ The intermediate- 
pressure cruising-turbine drum jis 640 mm. in diameter, 
and has three expansions, the ee varying in height 
from 20 mm. to 34 mm. The high-pressure ahead 
turbine-drum is 640 mm. in diameter, there being four 
expansions in this turbine, the blades varying in 
height from 32 mm. to 82 mm. Each low-pressure 
turbine-drum is 930 mm. in diameter. There are eight 
expansions, with blades varying in height from 30 mm. 
to 150 mm. Esch astern turbine-drum is 680 mm. in 
diameter. There are four expansions in these turbines, 
the blades varying in height from 14 mm. to 56 mm. 
The high-pressure and intermediate-pressure cruising 
turbines are coupled to the low-pressure turbines by 
means of a claw coupling, in order to allow for expan- 
sion. The dummy strips of the a cruising, 
intermediate-pressure cruising, and high-pressure and 
low-pressure ahead turbines are of the facial type, 
those of the astern turbines being of the radial type. 

The intermediate and propeller shafting, shown in 
Figs. 27 to 31, is of forged steel. The stern-tubes are 
solid-drawn steel tubes, the bushes for these and the 
outer bearings being of cast steel lined with white 
metal. Trailing collar-blocks are fitted to each shaft 
for use when the ship is being towed, the line shafting 
being uncoupled from the turbines under these con- 
ditions. The propeller-shaft is 133 mm. in diameter, 
and the aft intermediate shaft 140 mm. in diameter, 
and the forward intermediate shaft is 133 mm. in dia- 
meter. The trailing collar-blocks and plummer-blocks 
are of cast iron, with gun-metal bushes lined with 
white metal. The propellers are of patent bronze, 
and are three-bladed, 1289 mm. in diameter and 
1140 mm. pitch, being right-handed for the centre 
and starboard shafts, and jeft-handed for the port 
shaft. 

The two condensers, which were constructed at 
Cartagena, have a total cooling surface of 502 square 
metres. There are two dual air-pumps and two forced- 
lubrication pum The evaporator is capable of 
———s 10 tons daily, and the distiller is capable 
of distilling 3 tons of fresh water daily. The two 


circula' -pumps have im 616 mm. in diameter, 
which pom am by foroed lubrication engines having 
cylinders 203 mm. in diameter by 178 mm. stroke. 
These pumps 


were constructed by the Sociedad jand 





TURBINES OF SPANISH TORPEDO-BOAT DESTROYERS. 




















Steam is supplied from four modified Normand | 
boilers at a working pressure of 16 kg. per sq. cm., | 
the heating surface per boiler being sq. metres, | 
and the grate area per boiler 6 sq. metres. These | 
boilers were constructed in Ca There are three 
boiler-rooms, and the drawings reproduced on the oppo- 
site page show the arrangement of one of the boiler- 
rooms. In the forward boiler-room one boiler is 
installed. There are two feed-pumps in this boiler-room 
(Fig. 37), one main and one auxiliary, the diameter of the 
steam-cylinders being 254 mm., of the pump-cylinder 
178 mm., and the stroke 279 mm. There is one 
single inlet-fan in this boiler-room, 1.830 m. in 
diameter, driven by a forced-lubrication engine with 
cylinders 150 mm. in diameter by 115 mm. stroke. 
In the aft boiler-room the installation of auxiliaries 
is similar to that in the forward boiler-room. In the 
centre boiler-room two boilers are installed, and one 
main and one auxiliary feed-pump, the diameter of the 
steam cylinder is 324 mm., and of the pump cylinder 
228 mm., the stroke being 355 mm. There are also 
installed two fans of the same dimensions as those 
in the forward and aft boiler-rooms. All the fans 





fan-engines were constructed by the Sociedad 





Espaiiola de Construcciones Metalicas of Bilbao. 


Espafiola de Construcciones Metalicas, Bilbao. 
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Fic. 33. Tursane-Room Lookine AFT. 


The trial results may be tabulated :— 


—— speed on meeumeet —. ... 29.07 knots 
ean speed on four hours’ full-speed 

trial ne Ee fs is ae + 
Mean revolutions per minute on four 

hours’ full-speed trial ... are ie 1059 
Shaft horse-power on four hours’ full- 

speed tri Rie - ee a. 9020 
Mean speed on four hours’ trial with 

} in. air-pressure in boiler-rooms ... 23.97 knots 


The designed speed of these ships is 28 knots, and 
this, it will be seen, has been exceeded by 1.15 
nautical miles per hour. 





New Sovrn Wa.es AND PREFERENCE TO BRITISH 
Manvractorgs.—The Honourable B. R. Wise K.C., 
Agent-General for New South Wales, is advised by the 
Government in Sydney that the Cabinet has recently had 
under consideration the 


factu and has decided that in the purchase of 
supplies for ¢ the public service of New Sou Wales a 
10 cent. erence shall be extended to local, 


British, or Empire manufactures as against those of other 
countries, 
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ARRANGEMENT OF BOILERS OF THE SPANISH TORPEDO-BOAT DESTROYERS OF THE “ BUSTAMANTE” CLASS. 
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(For Description, see opposite Page.) 
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CONSTRUCTED BY THE SOCIEDAD ESPANOLA DE CONSTRUCCION NAVAL AT THEIR CARTAGENA WORKS, SPAIN. 
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ROYAL METEOROLOGICAL SOCIETY. 


THE usual monthly meeting of this Society was held on 
Wednesday, the 16th inst., at 70, Victoria-street, West- 
— Major H. G. Lyons, D.Sc., F.R.S., President, 
in 0 , 

Mr. OC. E. P. Brooks, F.R. Met. Soc., read » pee 
entitled “‘ The Rainfall of Nigeria and the Gold t,” 
which dealt with the rainfall on the Guinea Coast and its 
hinterland for the ten years 1904-1913. The driest 
month is January, with scarcely any rain, the wettest 
is June, and the monthly maps show how the rainy belt 
travels inland as wet season comeson. In August 
it reaches its northernmost position, and the coast is 
drier during that month than in July and September. 
The coast is very rainy, the annual fall averaging 
160 in., and reaching 200 in. in wet years at some stations 
in the Niger delta. The interior merges into the desert 
with a rainfall of less than 10 in. annually. The varia- 
tion of the rainfall from year to year is governed by the 
development and movements of the equatorial belt of 
low pressure and the sub-tropical “‘ highs,” while it is the 
alternation of ary and wet seasons which governs 
temperature. and humidity, rather than the tion of 
the sun, and the dominant factor in Nigerian climatology 
is re Sapuns Se ih - . 

on “ ‘rican Coast Temperatures,” by 
Dr. re Sutton, Hon. Mem. R. Met. Soc., was also 


read. This dealt with the normal monthly mean tempe- and 


ratures at selected stations on the coast of South Africa, 
a few miles inland, and on the table-land. The author 
endeavoured to connect the retarding of the maximum 
and minimum temperatures at certain stations with the 
moderating effect of the temp2rature of the sea and of 
the direction and force of the wind. 





Our Locomotive Exports.—The new year has opened 
poorly in connection with our locomotive oy the 
value of the shipments in January having only 
145.190/., as compared with 324,893/. in January, 1915, 
and 387,682/. in January, 1914. The falling off observ- 
able is explained by diminished shipments to India and 
South Africa. 





“Tue Ironmoncen” Mertrat-Marxet Yxar-Boo 
1916.—The present is the tenth edition of this usefu 
annual. It gives in a small and handy compass a 
amount of statistical data, clearly set forth, on the British 
and the worl?’s trade in all metals. The information 
covers the price variations over a number of years ; the 
figures of uction, imports and exports, &. The 
book is published, at the price of 3s. 6d. net, by the Jron- 
monger, 42, -street, London, E.C. 





Tue Iok-Breaxine Raitway Tran Ferry ‘‘ LEONARD.” 
—Reports have been received regarding the work of this 
steamer, which was built at a cost of 112,000/. by Messrs. 
Cammell, Laird and Co., Limited, Birkenhead, and was 
fully illustrated and described in ENGINEERING, vol. 
xeviii., page 211. The ferry was specially designed for the 
transferring of freight-cars to and from Quebec and Point 
Levis, ing the completion of the Quebec Bridge, and 
the combating of ice conditions in the St. Lawrence. 
Since its first Ny ang ty > Quebec and Levis, which was 
made on May 12 last, the Leonard has transferred as many 
as 90 cars in a single day. The vessel makes three or 
four trips daily, much depending u the amount of 
freight to be handled. There are thirty-five men in the 
crew who we yf understand the work of loading and 
brag though these da: ien 
little difficulty in docking the vessel after each trip, 
to the amount of ice which masses in the slips. 
from this the crossings are 
time. 


Apart 


le as easily as in summer 


Bartish Inpustrires Farr —The British Industries 
Fair will be held in the Victoria and Albert Museum, 
South Kensington, London, S.W., from February 21 to 
March 3, and in order to avoid interference with the pro- 
duction of munitions of war, exhibits at this year’s Fair 
have been carefully limited to the following trades :— 
Printing and stationery; chins, earthenware, and glass ; 
fancy goods and toys. Exhibitors have been obliged to 
obtain ission to exhibit any Government 
Departments with which they have contracts. About 
100,000 invitations to the Fair have been issued by the 
Board of Trade to wholesale buyers in this country and 
abroad. Of these, over 20,000 were sent out to oversea 
firms some time ago. and further invitations were dis- 
tributed by British Consuls and Trade Commissioners. 
Wholesale buyers in the trades in question who have not 
received invitations shculd epply to the Board of Trade, 
British Industries Fair, 32, pside, London, E.C. It 
is anticipated that one of the most interesting and useful 
fextures of the Fair will be the inclusion ai ex- 
hibits of excellent specimens «f articles resembling those 
which the Germans used to supply in large t 
both to this country and oversea markets. otwith- 
standing the great on many works for the manu- 
facture of munitions, it is very satisfactory to note that 
manufacturers as a whole are keenly alert to the exten- 
sive markets open to them, providing the necessary 
attention is paid to the question of cheapness, desi 
— utility, and so forth. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 2. 
Tue iron and steel market continues to move in the 
direction of higher prices; the chief buying is done by 
those who must have material regardless of prices, when 
a large volume of new work eich in partially _The 
embargo on munitions and other t is iy lifted, 
but no freight is accepted unless t is a vessel ready 


to load it. New and was for a while cut off from 
western and southern freight, but isnow getting moderate 
suppli Railroads started to order freely two or three 


ago, but higher prices restricted demand. W: 
railroads contracted for 43,000 tons of rails. Were it not 
for the impossibility of felting ships, immediate orders 
would be placed for 70,000 tons of rails for export and 
14,000 tons of track supplies. The demand for machine- 


tools for export has recently assumed very Ipage pocene. record: 


tions. One awey from Russia covers 
tools ; domestic tool-users are taking time by the fore- 
pe and are in some cases ordering as far ahead as 1917 

elivery. 

Fifty thousand tons of Bessemer are being negotiated 
for France and Italy ; as high as 175 dols. a ton has been 
id for ferro- manganese. Large lots of low-grade 
oundry for pipe are being taken: A new 2,000,000.-dol. 
plate-mill is to be erected not far from Philadelphia. 
Very great urgency continues for steel plate for ship 
t work, and much more is coming in; mills are 
everywhere falling behind promised deliveries. There is 
contract crowding on mill people for products in advance 
of their ability to furnish. Messrs. J. P. Morgan and Co 


are inquiring for 40,000 tons of steel for bayonets and | cash sell 


scabbards, 1 in. to 1} in. 

The Baltimore and Ohio Railroad have ordered 2000 cars 
from the Cambria Company. The statement is made to-day, 
on good authority, that the total present inquiries from 
shipbuilders amount to about 100,000 tons of plates for 
third and fourth quarter delivery, to build ships which 
have ordered and contracted for since the first of 
the year. Any amount of shipbuilding work could be 
had if the builders could take the work. 





Expiosive PHospxHorus.—In the ‘‘ Rendiconti Acca- 
demia dei Lincei,” 1915, II., page 252, Arnaldo Putti 
states that yellow phosphorus becomes explosive when 
There is apparently no 
compound formed, but the phosphorus, after removal 
from the liquid, explodes violently when struck or when 
submitted to heating by a hot wire or to electric sparks. 
It is only the yellow phosphorus which turns explosive ; 
red phosphorus and also sulphur merely burn vigorously 
when similarly treated. 





Tue Surpsuitpinc Prostem in Soanpinavia.—The 
altogether exceptional and unprecedented conditions 
under which shipping works at present, and the almost 
insatiable demand for tonnage for the extension of estab. 
lished, and the formation of new, shipping concerns 
(especially the latter), have naturally fostered a desire to 
increase the shipbuilding capacity of the Scandinavian 
countries. In Sweden it has been proposed that the 
building of vessels should be encouraged by means 
of premiums. © new proposal limits the premiums to 
good-sized cargo-steamers and motor-vessels proper, and 
to and cargo-steamers or motor-vessels, the 
system to be in force for ten years, with an extra pre- 
— nn . yy steel. j= premium ly to be 

r. .) per gross ton of passenger and cargo- 
steamers or motor-vessels, with an additional 
premium of 25 kr. (27s. 9d.) per ton for Swedish steel 
materi for cargo-steamers or motor-vessels 35 kr. 
(39s. ) Wey ton, with an additional premium of 30 kr. 
(33s. 3d.) per ton for Swedish steel material. In Sweden, 
as also in Norway, warning voices have raised 
against starting too many new shipbuilding concerns, 
as they are not likely to begin operations until some 
time after the war come to an end, and it is 
difficult to foretell what the ition of the shipbuild- 
ing industry will then be. It has been u that 
it would be a wiser policy to assist and support the 
yards already in existence and in full swing. Another 
question which has been raised in Sweden in connection 
with the —_ shipbuilding is the supply of the 
different materi The most im raw materials 
im from abroad for the Swedish shipbuilding 
industry are rolled and hammered or cast steel and iron, 
and as regards the price, Sweden might find it most 
difficult to compete in the matter of rolled goods. As 
regards hammered and cast the price question 
seems less important. A large new steel works in 
Gothenburg should have excellent chances and supply a 
distinct want, being favourably located for export and in 
the proximity of the largest yardsin Sweden. Works for 
the various requisites and fittings demanded by the ship- 
building indus ought to have an excellent field in 

en. Exactly the same views have been voiced in 
Norway from influential quarters. There has been a pro- 
fusion of money fi ing for extension of old yards 
and the establishment of new ones, but it is argued that 
money is not the sole requisite; workmen, materials, 
machines, and experience are also needed. There is 
already # scarcity of workmen. The difficulties as regard= 
materials are not likely to be less serious. It may be 
mentioned in this connection that it has just been pro- 
posed to construct a ship-model testing and a 
tank at Drontheim, in connection with the nical high 
school in that city. The plans have been pre: and 
the cost is calculated at 500,000 kr. (28,000/.). ‘The State 
ge egy to render material aid in the realisation of 





NOTES FROM THE NORTH. 
Glasgow Pig-Iron Marke Ph ay wg bay on 
ow Pig-Iron Market.—After 8 lownw: 
a which took place in the pig-iron — | last 
ednesday morning prices steadied again in the after- 
noon, and 2000 tone of Cleveland warrants were dealt in 
at 92s. cash, 923. 9d. to 92s. lld. twenty-one days, and 
93s. per ton one month. Abt the close sellers’ quotations 
were much on the levels of the vious day—92s. 9d. 
cash and 93s. 3d. one month. another was 
reached on Thursday morning, however, when cash iron 


opened strong at 94s. ton. Business was done at this 
figure, then at 93s. 10}d., later at 93s. 11d., and finally 
ing at 936. 10d. sellers. For one month’s iron 


Ota, 34. per ton was realised, with sellers 1d. up on this 
at the close ; transactions to the extent of 2000 tons were 
ed. The afternoon showed a further advance, one 
month’s warrants being done at 94s. 6d., with closing 
sellers’ quotation 94s. 3d. cash and 94s. 9d. one month. 
A limited turnover of 1000 tons was done. A slight, 
end, as it proved, temporary, reaction took place on 
Friday forenoon, prices dropping 1s. 2d. per ton. One 
month’s iron, after changing hands at 94s. 2d., 
93s. 6d. sellers at the close, while cash warrants 
—— — to 93s. 1d. Business was done at some 
odd dates, 10d. being paid for ten days and 933. 3d. 
for five days. Only 1500 tons were dealt in. Again, 
in the afternoon part of the morning’s loss was re- 
gained, and one month’s warrants, after realising 93s. 9d., 
rose to, and closed at, 94s. 2d. per ton sellers. For 
eighteen days 93s. 74d. was realised, and at the close 
ers quoted 93s. 8d. per ton. A strong tone 
characterised the market upon its opening on Teiey 
morning, and cash iron advanced to 94s. 1d. per ton 
sellers, after being done at 93s. 7 On forward account 
943. 6d. was psid for one month’s iron, with sellers over 
at this figure at the close. Prices obtained for odd dates 
included 94s. for seven days; 94s. 3d. to 94s. 5d. sixteen 
days; and 94s. fourteen days. Quite a good 
volume of business was put through, 5000 tons bsing 
dealt in. No cash transactions took place in the 
afternoon, but cash warrants changed hands at 
94s. 8d., easing off again at the close to 94s. 6d. sellers, 
this same price being realised for seventeen days ; and 
94s. 7d. twenty-two days. The demand for one month’s 
warrants was again apparent yesterday (Tuesday) 
forenoon, and a new record of 95s. was established, 
and at the close sellers quoted 95s. 3d. per ton, the quota- 
tion for cash iron being 94s. 9d. Odd dates again figured 
—— 94s. 6d. per ton being realised for seventeen 
ays, and 94s. 9d. to 95s. fifteen days. ions to 
the extent of 2000 tons were recorded. In the afternoon 
a further sharp advance took place, and at 963. 3d. both 
cash and one menth’s warrants c hands, the sellers’ 
quotations at the close a respectively, 963, 104d. 
cash and 97s. 44d. one month. A limited business of 
2500 tons was transacted. Business was at a complete 
standstill this (Wednesday) morning, with prices 
nominally 74d. per ton below yesterday’s level. Sellers 
at the close quoted 96s. 34. cash and 963. 9d. one month. 


Sulphate of Ammonia.—Some little anxiety seems to 
exist as to the probability of the maximum price being 
fixed for sulphate of ammonia during the spring months, 
consumers apparently considering that if a maximum 
autumn price be fixed a similar limitation might also be 
brought about now. Meantime the matter has been 
taken up by the Board of Agriculture for Scotland, 
although no price has yet been fixed. It is being urgently 
impre upon those concerned that the immediate 
demand must be greatly increased, otherwise there will 
be a serious curtailment of output ; and, further, that the 
present prohibition of export is only temporary. The 
transport difficulty is another factor which must be taken 
into account, ile the prohibition order lasts, prices, 
if not lowered, will at least remain steady. 


_ Scotch Steel Trade.—There is no diminution of activity 
in the steel-making establishments in and around Glas- 
gow, for the bulk of the output comprises war material 
of one kind or another, the demand increases from day 
today. France and the other Allied nations are steady 
consumers of as much finished material as can be sup- 
plied to them, although otherwise the export trade is still 
much under normal conditions. The daily advancing 
price of pig-iron is a source of much uneasiness, as this 
1s adding very materially to the cost of all finished steel- 
work. Freight charges are still on the upward grade, 
while the increasing shortage of labour makes transport 
of every description a serious and difficult factor, and 
one causing much — alike to producer and con- 
sumer. Sectional material and shell-bar steel are greatly 
in demand, and even running continuously the plate- 
mills cannot keep pace with the orders. Notwithstanding 
the enormous output, little impression seems to be made 
in connection with the order-book:, which are being 
steadily filled up from day to day. Prices are still going 
up, and likely to go up farther. Ship-plates ramain much 
on the same level as last week : 12/. 10s. ong ton ; boiler- 
plates are 13/. 10s. and upwards ; and angles, 13/. 12s. 6d., 
or thereabouts—all less 24 per cent. discount for prompt 
delivery. 

Scotch Pig-Iron Trade.—In the local pig-iron trade 
it is still a case of a steadily incre.sing business and 
firmer prices, some brands of makers’ iron naming eutce 
about 5s. per ton during the past week, thus bringing 
the level higher than ever. A further increase is antict- 
pated, the present quotations being for immediate 
acceptance only. Large quantities of hematite are being 
consumed looaiby, and the demand for ordinary foundry 
iron both for home and export has considerably increased. 
For hematite 115s. per ton is now quoted. tional 
prices ruled, and for makers’ (No. 1) iron the following 
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ices are now quoted :—Calder, Summerlee, and iaoe. 
ton 117s. 6d. per ton; Clyde and Gartsherrie, 120s. (all 
shipped at Glasgow) ; Eglinton, 112s. 6d., and Glengar- 
n 117s. 6d. (both at Ardrossan) ; Dalmollington, 113s. 
(at Ayr), and Shotts, 117s. 6d. (at Leith). 

Malleable-Iron Trade.—The greatest activity continues 
in the malleable-iron trade—so much so, in fact, that 
even with all their efforts makers find it impossible to get 
orders out as quickly ag they would like, and in conse- 
quence deliveries are getting somewhat in arrear, despite 


a very heavy output. There is no‘sign of prices going | Ty, 


back ; indeed, with the excessive demand keep 
firm at the ——— values, — we age anes 
are asking and obtaining a price for ‘‘ Crown ” con- 
siderably in excess of the current rate, which hangs 
around 14/. per ton, less 5 per cent. discount. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Manufacturing fuels of 
all descriptions are in good demand. Works have secured 
sufficient coal to meet their requirements, but they have 
had no opportunity of building up reserves. On ex 
account a considerable tonnage is going to ied 
—— but the restricted issue of licences has 
limited the shipments to neutrals to a very low figure. 
Keen competition obtains for the small lots which 
are available for disposal on the open market. The 
Ministry of Munitions has for some time past under- 
taken the directing of supplies of fuel on behalf of 
munition works and by-product plants. Upon this 
matter a local committee is to be constituted, but manu- 
facturers express the opinion that the committee’s activi- 
ties will not lead to | drastic or notable change in the 
prevailing methods. In all likelihood the committee’s 
task will be to deal with the problem of the scarcity of 
smal] fuels which weekly b es increasingly acute. 
For house qualities there is a good demand. Large 
quantities of gas-coal are being consumed on contract 
account by inland works, but the shipments of this class 
of fuel are on a small scale, despite good custom with 
France. There is a strong market for slacks, and col- 
lieries are being or deliveries under contract, 
many of which are a long way in arrears. For a good 
tonnage of blast-furnace coke which is going awey the 
maximum figure was obtained. Quotations :— Best branch 
hand- icked. 20s. 6d. to 21s. 6d. ; Barnsley best Silkstone, 
. to 18s. 6d. ; Derbyshire best brights, 17s. 6d. to 
18s. 6d. ; Derbyshire house, 163. to 17s. ; best large nuts, 
15s. to 16s. ; small nuts, 14s. 6d. to 15s. 6d. ; Yorkshire 
hards, 16s. 6d. to 17s. 6d.; Derbyshire hards, 16s. to 17s. ; 
best slacks, 11s. to 12s.; seconds, 9s. 6d. to 10s. 6d. ; smalls, 
8s. to 9s. 


Iron and Steel.—The outstanding feature of the iron 
and steel market during the past week has been the utter 


failure of the efforts to establish maximum prices. For 
a time the scheme exercised a steadying effect on quota- 
tions, but as the security grew more pronounced, the 


maximum levels were soon t and consumers were 
ain paying largely imorensed rates for any free iron on 
the market. Derbyshire iron, both foundry and fo: has 
seen a marked advance during the week. Prices have 
risen daily and foundry qualities are now offered at figures 
approaching 91s. on tanh, which is approximately an ad- 
vance of 7s. to 8s. compared with last week. Lincolnshire 
irons have also substantially increased, whilst the maxima 
of prices fixed for hematites have also been well exceeded, 
80 t has been the demand. Billets are still exceed- 
ingly scarce, and are expected to remain so —_— 
period of the war. This scarcity is caused, apart 
the largely increased demand, to some extent, by the 
cessation of imports from Germany and Belgrum, and 
though considerable quantities are now yom J from the 
United States, the new supply does not afford adequate 
relief. Not only are our imports much smaller, but the 
demands of Allied countries have greatly increased our 
ex Quotations for hard ic are round about 
12/. = — A. basic - ag Roe a who 
are short of stocks are paying fully 1/. more. very pos- 
sible effort is being made to complete the extensions to 
certain local works. Siemens furnaces—the big works in 
the city—are working at the highest possible pressure, and 
the outputisabnormally high. A weakness, however, is the 
eran of the rolling and oo, om oe — 
re ag ee progress. greater supply o! ur 
would enable the ——a to be more productive. The 
demand for agricultural implements has shown signs of 
a revival, as the lack of farm labour necessitates the 
increased adoption of machinery. —e and 
other mechanical adjuncts are under survey, whilst many 
dairies are using mechanical milkers. Business in the 
cutlery circles is very brisk, and few Sheftield manufac- 
turers have any considerable stocks on hand. The new 
overseas orders include saws, tools, cutlery, and steel. 
For garden and farm tools the demand is good, 
present being the most appropriate season of the year for 
their utilisation. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp.esBroucH, Wednesday. 
The Cleveland Iron Trade.—The market is in a very 
unsettled state, and traders in Cleveland pig-iron are 
most cautious in their dealings. Outside speculators 
have again been manipulating warrants, with the result 
that erratic movements in quotations have occurred, to 
the detriment of legitimate busi Genuine dealers will 
not commit ves ahead with the market in its pre- 
sent vi sensitive state. No. 3 g.m.b. is once more 
hightr then it has been since in which year the 


the | prising freight, insurance, &c., to Cardi 





record price in the history of the trade—120s.—was 
touched. Abt present the ruling quality is fully 97s. 6d. 
and that figure has been paid. No. 1 is very scarce, and 
is put at round about 102s. It is almost impossible to fix 
quotations for the other qualities, all which, with the 
exception of ferge iron, are scarce. Nominally, they may 
be quoted as follows :—No. 4 foundry, 96s.; No. 4 forge, 
94s.; and mottled and white iron, oon 93s. 


Hematite Pig.—The East Coast hematite branch of the 
staple industry presents no new feature of moment. 
ere are continued good inquiries on Continental 
account, and especially from our Allies, France in = 
ticular showing inclination to place further orders, but 
the amount of business actually passing 
small scale. Many makers have committed themselves as 
far as they care to, most of them naving Cipesed 
of all they can produce to the end of June. The general 
market quotation for forward delivery of Nos. 1, 2, and 3 
remains at 140s. 


Stocks and Shipments of Pig-Iron.—Stocks of penn 
are being steadily reduced, and the quantities lying at 
makers’ yards are now practically nil. The only s' of 
consequence is the Oleveland iron in the public warrant 
stores. The quantity held there stands at 90,840 tons, 
87,754 tons of which is No. 3 quality, and 3086 tons other 
kinds of iron deliverable as standard. So far, this 
month the stock has been reduced by bees tons. Ship- 
ments of pig-iron from the port of Middlesbrough are, 
under prevailing conditions, on a very satisfactory scale. 
To date this month they average 1733 tons per working 
day, the total despatches reaching 24,266 tons. To the same 
date last month the loadings totalled 15,607 tons, or a 
daily average of 1116 tons; and for the pay 
part of February, last year, the clearances were retu 

at 5845 tons, or an average of 418 tons per working day. 


Coke.—Coke for shipment is in good request, and high 
Prices are being realised. Manufacturers, however, 
complain considerably that the price limits for home con- 
sumption have been fixed much too low, and intimate 
that efforts are being made to have the rates relaxed. 
In the meantime local consumers report that they are 
purchasing all the supplies they require at the fixed 
maximum of 28s. at the ovens for av blast-furnace 

ualities, and up to 30s. 6d. for cokes low in phosphorus, 

oundry coke for shipment ranges from 40s. to 45s. f.o.b. 
Gas coke is quoted to 30s. 


Foreign Ore.—Notwithstanding continued absence of | no 


business in foreign ore, sellers are not disposed to make 
concessions, and prices are nominally maintained. Con- 
sumers have now considerable stocks, and steady supplies 
coming in on contracts, with the result that they are not 
in the market to buy. Market rates remain on the basis 
of 40s. ex-ship Tees for Rubio of 50 per cent. is > 
Freights Bilbao-Middlesbrough are firm at 23s. 6d. Im- 
ports of foreign ore to the Tees to date this month 
amount to 40,270 tons. 


Manufactured Iron and Steel.—Government work con- 
tinues to monopolise the output of finished iron and 
steel. ufacturers whose works are under Govern- 
ment control have received intimation that they must 
book no further ordinary commercial orders without the 

rmission of the Government Munitions De ent. 

mon iron bars are 13/. 10s.; best bars, 13/. 17s. 6d.; 
best best bars, 14/. 5s.; iron ship-plates, 11/. 10s. ; iron 
ship-angles, 132. 10s.; iron ship-rivets, 15/. 10s.; steel 
ship-plates, 11/. 10s.; steel ship-angles, 11/. 2s. 6d.; steel 
joists, 11/. 2s. 6d. ; steel sheets (singles). 14/. ; steel sheets 
(doubles), 15/.; steel strip, 13/.; steel hoops, 13/. 10s. ; 
and heavy steel rails, 10/. 17s. 6d.—rails net f.o.b., steel 
shipbuilding material and steel joists net at works, and 
all other descriptions less 24 per cent. discount. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—Colliery-owners have been making little effort 
to develop fresh business, as they are heavily booked for the 


Under these circumstances the high prices recently cur- 
rent have been well maintained. 
large steam-coal has been, 


we ag Lamy have made 34s. to 35s. ; best bunker 
smalls, 19s. to 20s. ; and cargo smalls, 12s. to 16s. per ton. 
The best household coal has realised 236. to 24s. ; good 
being No 3 Rhonda 20s. to Sle 

:—No. 3 
smalis, 163. to 17s. per one rhe latest quotation for 
patent fuel has been 32s. to 34s. per 
coke has made 45s. to 47s. 6d.; foundry coke, 40s. 


to 
45s.; and furnace coke, 33s. to per ton. As regards 
iron ore, Rubio has been quoted at 37s. to 39s. per ton 


upon a basis of 50 per cent. of See, 08 Cee, eae 


Western Trade Matters.—The Cardiff Junction Dry 
Dock Company has announced a dividend of 10 per cent. 
free of income tax, for 1915.—The net income of the 
Port Talbot Railway and Docks Company for 1915 was 
121,7811.; and, after provision for various p tenth a di 

of 9 per cent. is proposed 
capital ; farther capital was expended last year to the 
extent of 32,245/., carrying the ate outlay on 


vi- 


capital account to 2,076,712/.—Mr. F. 8 ma ir- 
man of Messrs. John Shearman and Co., Limited, has 
acquired 32,736 shares in Messrs. Mordey, Carney and 


Co., Limited, whose chief establishments are at Newport. 
Mr. Shearman has thus acquired a controlling interest 
in Messrs. Mordey, Carney and Oo., which is to continue, 
however, as & separate unkortaking for the present. 


is on only a very | Rail 


on the ordinary share | aud 





extensive engineering works on the western side of the 
and one dry dock on the eastern 
Steam Coal Company, Limited, 
, arrears of preference dividends to 
3 per cent., carrying forward also a 
72832.; last year’s output was, however, ad- 
versely affected by the shortage r.—The im 
and ex eo me By ply 11,438,506 
tons, a decrease 5 tons as com 
with 1914. ‘Serions shortage of and a reduced 
coal output were the chief causes of heavy decrease 
pert par net receipts of the Cardiff Railway Com- 
ig last year were 196,942/., as com with 191,398, 
in 1914, and 210,845. in 1913.—The Brecon and Merthyr 
ilway Company proposes to pay at the rate of 2 per 
cent. per annum upon its second preference stock, carry- 
ing forward 16771.—The Bury Railway Company pro- 
poses a dividend of 9} per cent. upon its ordinary stock 
tor 1915, carrying forward 6874/.; further capital was 
expended by the company last year to the extent of 
38, 1532. —- of the Alexandra (Ne and 
South Wales) and Railway Company 
were 395,689/., as com with 343,5232. in 1914 ; 
the full dividend for 1915 is pro upon the A 
a 3 nae leaving 11,9597. to be carried 
forwaid ; farther tal was expended last year to 
the extent of 53,717.—The Vale of Glamorgan Rail- 
way Company proposes a dividend of 41. 1s. 3d. cent. 
for 1915.— Powell-Daffryn Steam Coal Company, 
Limited, gives to its iders 20 per cent. for 1915; 
similar distributions wers made for 1911, 1912, and 1914; 
for 1913 they received 25 per cent. ; this year’s dividend 
is to be paid free of income-tax—that, of course, is some- 
thing in these a. — ee ee ae Rail- 
way- pany, Limited, its annual meeting 
at Bristal on Friday, Colonel Cory Batten in the chair. 
A dividend of 10 per cent. was authorised for 1915, 2000/. 
being at the same time added to the reserve fund, which 
has now reached 65,000/.—Speaking on Friday at the 
first) annual meeting of the Globe Shipping Uom- 
pany, Limited, Rhondda, who presided, said 
the promoters of the undertaking intended to make 
it one of the tramp steamship companies ; 
that was still the ambition of the directors, but the 
high prices to which had risen had made it 
unwise in their ju tto buy more boats at present. 
Lord Rhondda added that the freight rates now ruli 
were altogether beyond reason, and not only justi 
but called for Government intervention, although he was 
1) to say that the fixing of maximum freights 
was the best solution of the difficulty. —The Docks - 
mittee of the Bristol City Council proposes to make a 
further increase of 5 per cent. in dues on shipping and 
goods as from March 1. The advance, which is to be 
re-considered on the expiration of the war, will make a 
total increase of 10 per cent. in Bristol Dock in 
something less than two years; the advance will, of 
course, have to be on all round by tradesmen and 
their customers.—The Rhondda and Swansea Bay Rail- 
way Company divides upon its ordinary capital for 1915 
at the rate of 5 per cent. per annum. A junction with 
the Great Western Railway at Neath River bridge is 
enabling the Great Western Company to . a good deal 
of traffic over the Rhondda and Swansea Bay lines. 





Copra FROM QUEENSLAND. — Cocoanut cultivation, 
though still a small industry in Queensland, is rapidly 
extending. Hitherto it had been supposed that co; 
from Queensland cocoanuts did not contain enough cif to 
be of commercial value, but the examination of a sam 
of copra from these nuts at the Imperial Institute 
now se oo ay —- is poy! and the 
copra of good ty, an ers state that shipments 
would be readily saleable in this country at good prices. 
| dy —aeagee + — note — oy ye y ny of 

copra, ship) to Europe from i in, and 
elsewhere, was crushed in Germany and France. Urgent 
representations on this subject were made by the Imperial 
Institute on the outbreak of war to the oil-seed-crushing 
firms in the United Kingdom, some of whom have now 
started to work copra, with the result that there is a new 
and good market for the product in this country, which 
is likely 4 expand when the new factories now building 
start wor ; 





AvusTra.ia’s Metat Inpustry.— Addressing a meeting 
in and recently, Mr. Hughes, the Australian 
Prime Minister, referred to the mining industry. He 
said that when war broke out, for all practical ’ 
the entire hase metal trade of Australia was in the hands 
of a great German rig whose tentacles extended all 
over the civilised world. is great organisation 
manipulated the markets to suit iteelf. In Australia the 
position was that the war at one blow had closed all old 
channels along which base metals ordinarily found their 
way to the market. This trade represented at least 
15,000,000/. yearly, excluding the value of gold and silver, 
in base metals. @ policy of the Government, which 
was to encourage the industries of Australia, had resulted 
in largely extending the facilities for treating lead, zinc, 
‘ er ores within Australia. All copper goods 
requ in Australia would shortly be manufactured 
there. When the war ceased, Australian industrial 
activities would be greatly increased. It would be to 
Britain and her Alles only that the metal industry of 
Australia } ey look for —- _In every ee 
generally vernment would vigorously push that 
— Australian would take the place of 
A national laboratory was to be established, 
and the services of the best scientific men available would 


company thus taken over has three dry docks and | be secured, 
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163 | women, and the hours of work. The tenor of these 


>| 2, careful guard 


K.C.B. 


5.80 p.m. Paper to be submitted for discussion: “The Main 
of Cairo,” by Mr, Ky he eH TF 
a: pu athe Woyal Society of Ati, Johe-tteet, Adelphi 
m. e Roy: ty o! 
Ww.c. Unera will be © Shounen x Poeeibilicies 
Itumination * (with 


widows of soldiers; many married women who 
had retired al ether from industrial life, and 
again, who had never entered it. This 
spirit of patriotism, too, ‘‘is as finely main- 
tained as it was quickl Soe ll Obviously, 
Design o the advisedly strict tions for peace - time 
oe = oy kt ing on Physical and| employment of women under the various Factory 
\4yo---3 OF ELKcTRICAL ENGINEERS : ay KE Loca, Acts must be somewhat ignored in our hour of 
esday, February 28, at 7 7 pe the Latin|d@ire need ; and yet the physiological sex dif- 
Thestre at the University, Dr. Charles Oh TRS, wi B repent ferences still demand that measure of diff 
lecture entitled ‘* Terrestrial Magnetism. m.” “en 


erential 
his Kelvin een man man was 
of kindred societies are invited. treatment betw and wo which 

Tue LiveRPoo” Exemnserine Sociery.— Wednesday, Boney be 
at 8 p.m., at the Royal 5 Sheena ae - 
A en! 


the underlying principle of the Factory Acts. Dr. 
will be read by Mr. Haydn T. Harrison, M.1LE.E., 
Tue IxstirvTION oF Mining AND METALLURGY. ay Beli 











































Newman’s Committee step in and indicate the 
“ Efficiency of Projectors and Reflectors.” directions in which care should be exercised, as far 
as the national exigencies permit, to ensure such 


Lond sapere on | differential treatment. 
a ced te The 2 Gonglomernien of the W Ft \ by Mr Visits to many of the munition factories where 
; . M a icated omen 
Honourable the Minister oa Mines, Union of, South Africa.) of the pe ya — gi tne confidence in 


Pioneer Bucket Dredge i orthern 
Nicholls, Member. ‘‘ Antimony Production in Hunan Province, 
South China,”’ by Mr. A. 8. Wheler, Mem 


commending th 
mittee, 


proposals of Dr. Newman's Com- 


i oo such cases they are in 


Suen neds tenes Friday, Fe operation with most sa results, as far as 
at 5.30 pm. ® discourse will be delivered by Protessor sit A’ | 0 output is concerned. In addition to the main 
Quiller .J.P., M.A., Litt. D. The su is ‘‘The Com- 


** break” for food, there are in somé, and should 
be in all, cases short breaks, irrespective of the 
shortness or length of the day’s or night’s work. 
These are of advantage in minimising fatigue. 
ms well-lighted and well-ventilated canteens 

bo: eau arranged adjacent to most large 
re Bl where substantial food is provided at 
low rates, and in all factories these meals are 
thoroughly appreciated. Again, sanitary con- 
had s consideration, and the 
recommendations of the Committee regarding the 
appointment of forewomen, nurses, and welfare 
supervisors, to whom women workers can appeal 


sores of Thought.’ Afternoon lectures = week at 3 o'clock. 

Professor O. 8. Sherrington, “1 LL.D., 

Professor of Physiology, R.I., “Nerve 
Tone and Posture ” (Lecture VIL.). Thursday, February 24. Sir 
Frank Watson Dyson, M.A., LL.D., F.R.S., the Astronomer 
Royal, on ** Measurement of the Brightness of Stars; the Milky 
Way and Magellanic Clouds” (Lecture III.). Saturday Febru 
ary 26. fion. John William Fortescue, M.V.0., Librarian, 

Windsor Castle, « on “ Eminent Generals of the Last Great War ; 
Sir John Moore ” (Lecture IT.). 

Tus Nortn-East Coast Institution oF ExGingers AND Sup- 
BUILDERS. - Friday, February 25, at 7.30 p.m., in the Lecture 
Theatre of the Literary and Philosophical ity, Newcastle-on- 

ne. The discussion will be resumed on ‘‘ The Standardisation 

Stability Curves,” by Mr. nS Ayre, Associate Member. 
The followin, r will be read , time permitting, dis- 
cussed :—** — of Youths Before and ~~ their 


renticeship,” by Principal V. A. Mundell, the with readiness and coniienen, are already in opera- 
ost, oe or Locomotive ENorwares. —Saturday,|tion in some works, and ought to be universally 
mh at 2.45 p.m., at Caxton Hall, a al lecture, 


applied. One of the difficulties is the transit of 
women, especially at unusual hours, to and from 
the works, where these are located in large cities. 
It is regrettable to read of women workers 
arriving at the factory with their clothes torn and 
minus their hand-bags, owing to the struggle to 
get accommodation on tram-cars. In some works 
the hours of the women are made different from 
those of the men to meet this very condition ; this 
is the universal , too, in France. More- 
over, it ought to be easy for the tramway aatho- 
rities to arrange their service to suit ‘the women 
workers in the factories, and to have cars waiting 
ata point close to the works for the special con- 
venience of these workers at whatever hour, day or 
night, the workers stop. There should be special 
cars for women workers only. 

The most important question on which there is 
the greatest divergence in practice has reference to 
ployed and _ ow long, se meconh should be em- 

0. on night work. @ are inclined to agree 

the decision of the Committee that ‘* the 

- loyment of women at nig ht is, without — 
quote from ~ Com- 

n 


illustrated by fentesn aiden, will be given by Mr. J. wen oy 
India” wlll E., F.R.A.8., Member, London, on “‘ The Mechanic 
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THE HEALTH OF MUNITION 
WORKERS. 


THE immense demand made upon all workers 
to maintain supplies for the Army renders of most 
vital importance the subject of their personal 
health and —— oor ae The Ministry of 
Munitions therefore acted wisely in appointing a 
representative Committee, under = chairmandhi 
of Sir George Newman, M.D., to advise on 
questions affecting industrial tatigue and the neces- 
sary provisions in factories for the maintenance of | w 
physical vigour and mental activity. This Com- 
mittee have already issued five reports dealing with | un 
such questions as Sunday labour, welfare super- 
vision, industrial canteens, the employment of 





esirable, but "—we stil 
mittee’ 8 report—** it is for a time inevitable.” 
France there is so far not much night work done by 
women ; the tendency there is to entploy women 
during the day and men during the tg But, 
as was reported by the recent Commission ap- 
pointed to visit the French works, the amount of 
idle time by the men workers is 1 per cent. a 
thing is done to increase production. The s 
which dominates the nation has vented 
culties arising in the manufacture o oe ae 
Women’s work is absolutely essential in this 
country, even to a greater d now than in the 
recent past, and we agree with the Committee that 
under t circumstances night work must con- 
tinue and even be extended. It may be possible, 
with an increase in the number of women workers, 
to mitigate the situation in its most serious 
sitet, beyond. secnpaition, ‘of fumily, Min,” to 
men ition, o e,” to 
which Dr. Newman’s Committee refets, On 
this depends largely the question as to whether 
the twenty-four hours’ wor ould, in the case of 
women, be divided into two or three portions. We 


reports must be commended, because thereisthrough- 
out all of them full recognition of the extraordinary 
conditions prevailing owing to the war, and no 
tendency to diverge into philosophic or academic 
discussion. The needs of the nation are tremen- 
dous, and the supply of workers limited. Thus 
the Government, employers, or workers, are forced 
to recognise that even health, like economic oon- 
ditions, must be subsidi , although still subject 
guardianship. the Committee have in 
all their reports given useful advice to all con- 
cerned, and, while offering suggestions, have recog- 
nised that the adoption of these must depend 
upon the social conditions prevailing in each dis- 
trict, as well as upon the great demands made for 
war munitions. 

The report just published on the employment of 
women can only be regarded from the humani- 
tarian int of view as distressing. That women, 
es y in munition factories, have done, and 








are doing, magnificent service, there can be no! know of very large shell works where the latter 
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obtains, with thoroughly satisfactory results ; and 
we are glad to learn from the Committee’s re 
now that this three-shift day is being extended. 
Where, on night work, a female is ed for 
twelve or thirteen hours, and there is added the 
long time taken for transit between home and the 
works, there is serious danger in some cases of 
permanent injury to health. The natural ailments 
and physical disabilities, to which women are liable, 
may be accentuated or be rendered chronic in 
nature and far-reaching in effect, and thus the 
greatest possible effort should be made towards 
dividing the day for women workers into three por- 
tions. A difficulty that the Committee do not refer to 
is the disorganisation of the home, due to the women 
working eight hours and the men working twelve 
or thirteen hours, and where the return home for 
meals cannot be poraneous. The Committee 
are of opinion that continuous work in excess of 
the normal legal limit of 60 hours per week 
ought to be discontinued as soon as practicable ; 
although they see little objection to such moderate 
overtime during the week as could be compensated 
for by an earlier stop on Saturdays. They recom- 
mend that reasonable time should be allowed for 
readjustment, and that local conditions, the char- 
acter of the work done, and therefore the d 

of fatigue involved, may affect the case. ey 
consider that these results may the more easily be 
accomplished as there is still a good reserve of 
women labour from which to draw in order to 
shorten the hours by distributing the work among 
a large number of workers. 

In the case of men and of boys, the Committee 
accept the inevitability of the division of the day 
into two portions, but they arrive at the conclu- 
sion that the average weekly hours, exclusive of 
meal-times, should not exceed 65 to 67, including 
overtime. Hours in excess should only be worked 
for short periods and to meet sudden and un- 
expected circumstances. Overtime, too, should 
be concentrated within three or four days in the 
week, preferably not consecutive, and in such cases 
there should be no Sunday work. They recom- 
mend the discontinuance of the practice of work- 
ing from Friday night until noon on Saturday, 
principally to enable the night workers of one 
week to become the day workers of the following 
week. Even where double shifte are worked per 
24 hours, they contend that two intervals, each of 
three-quarters of an hour, should be arranged for, in 
order to allow adequate time for taking a meal and 
to allow for rest. This applies also in the case of 
women, and it is recommended that in their case 
there should be such a rest period between 3 and 
4 a.M.—the hour of the lowest physical vitality. 

The Committee, itis gratifying to note, state that 
they have not found that as yet the strain of long 
hours has caused any serious breakdown among 
workers, although many general statements indica- 
tive of fatigue have been received by them, par- 
ticularly in the case of old men and those who 
suffer from ag infirmity. We are quite 
prepared for the statement that amongst the 
executive and foremen there is already evidence 
of considerable fatigue, and numerous instances 
have been brought to the notice of the Com- 
mittee where men of this class have had to be 
allowed special holidays to enable them to re- 
cuperate. Members of the executive and fore- 
men cannot so readily remain off work when 
they feel inclined, and, consequently, their work 
is more continuous. Because of its variety and the 
importance of achieving the highest ible effi- 
ciency, it is also more intensive. In their case the 
continuance of Sunday work and the limitation of 
holidays have a ——e debilitating effect. The 
Committee seem satisfied that Sunday work should 
only be resorted to under extreme conditions, and 
should not be a custom in any factory. They are 
disposed also to attach importance to recreation, 
especially for women workers and lads, on Saturday 
afternoons, They finally bi the great im 
of the ro gee) Remo | holidays not being inter- 
fered with. ‘‘ They afford a definite break ina long 
period of strain, and a favourable opportunity for 
recuperation.” This, like most of the recommenda- 
tions for shortening hours, is based on the sound 
doctrine that when men have worked more than 
twelve hours, even with rest-breaks, their physical 
effort relaxes and their mental intensity wanes, so 
that the efficiency of their work, as well as its 
volume, is necessarily reduced. The question of 
mechanical assistance rendered to the worker 
introduces a variant in this general condition, but 








it still holds. Employers are quite conscious of 
this unquestionable fact, but when they are brought 
to book by the naval and military authorities, who 
are continuously urging the maintenance of deli- 
very and the fullest utilisation of existing machine- 
tools, any insufficiency in the number of workere 
enforces resort to the unsound economic principle 
of excessively long hours, even against better 
judgment. 





KIMMERIDGE OIL-SHALES. 


TuereE is little need at the present time to urge 
the importance of a home supply of oil-fuel and 
motor-spirit, for although our naval supremacy 
keeps foreign supplies of these essential com- 
modities available, difficulties of transport and 
increase of prices arising from war conditions have 
still to be contended with. That these difficulties 
could be largely alleviated by the fuller utilisation 
of the oil-shales which are distributed over fairly 
large areas in this country is the opinion expressed 
by Mr. W. Hardy Manfield in a Paper read on 
Tossthe last before the Institution of Petroleum 
Technologists. Mr. Manfield dealt principally 
with the oil-shales of the Kimmeridgian series, o 
which the principal English deposits occur in 
Dorsetshire. Successive beds may be seen in the 
face of the cliffs for some 3 or 4 miles of the coast 
commencing about 2 miles west of St. Alban’s 
Head, and extending westwards, past the village of 
Kimmeridge, to Gad Cliff, where they ony. 
and ap again at Ringstead Bay. ey are 
met with on the coast, some 2 miles further west, 
near Osmington Mills, and shortly after this they 
mp inland, and are found on or near the surface as 
ar as Portesham or beyond it. Oil-shales are also 
seen in the Island of Portland, and in a considerable 
area in the north of the county. The Kimmeri 
measures then pass in a north-easterly direction to 
Norfolk and continue north, right through Lincoln- 
shire to the Humber, though, being very much 
overlaid with gravel and boulder clay, they can 
only be seen in places, and are difficult to follow 
without the aid of bore holes. In Scotland shales 
are chiefly mined in Edinburghshire and Linlith- 
gowshire, the annual output having now reached 
some 3 or 4 million tons, giving about 24 gallons of 
oil per ton on an average. 

Oil-shales are worked in the ordinary way by means 
of vertical shafts or by inclined roads driven in on 
the dip. The latter method, which is usually 
ado ted in Scotland, has the advantage that shale 
is obtained at once and a mine is soon opened up, 
although the former method is, perhaps, the more 
economical in the long run. The shales are then 
won either by the ‘‘stoop and room ” or ‘ long- 
wall” methods of working, the former being 
preferable where the seam is clean and 6 ft. 
or 7 ft. in thickness, and the latter when two or 
more seams are separated by waste material. The 
** long-wall” system, in Mr. Manfield’s opinion, 
will be found more suitable for working the Dorset- 
shire shales, though, in some cases, they may be 
worked by open-cast methods. 

The oil is obtained from the shale by destructive 
distillation in retorts, and, as might be expected, 
the method of retorting has a considerable influ- 
ence on the yield of the various products. Hori- 
zontal retorts were first employed, but the more 
economical vertical retorts were soon introduced, 
and later, steam admitted into the retorts was 
found to increase both the quantity and the quality 
of the crude oil. Before 1873 the retorts were fired 
entirely with coal, but in the Henderson retort, 
brought out at this time, the spent shale and the 
uncondensable gases were used as fuel with a small 

uantity of coal, and a considerable saving was 
pe effected. Further improvements were intro- 
duced in 1881 in the Young and Beilby retort, the 
process being rendered continuous by feeding 
the shale from a large hopper. The lower part of 
this retort was commenctal of brick, and the yield 
of gas and ammonia was in using & 
higher temperature than had been icable pre- 
viously ; further economy in fuel was obtained by 
using gas uced from coal to supplement the 
retort-gas for heating. Another retort on the 
same principle, but of ter length, was brought 
out by Henderson in 1889. This allowed the shale 
to be exposed to a larger heating surface for a 
longer time, and increased the yield both of crude 
oil and ammonia. The Bryson retort, which was 
introduced in 1895, and is on the same principle, 
is circular instead of oval, and of great length. It 





is possible in this retort to obtain yee. y the 
whole of the ammonia by using a high temperature 
and a | excess of steam, but the cost of doing 
so would be excessive. In practice, only sufficient 
steam is admitted to produce the quantity of 
ammoniacal liquor that can be dealt with most 

rofitably. The Bryson retort, and the latest 
ar a type, were in use a few years ago, and 
are probably still employed. 

Recent experiments have shown, however, that 
better results can be obtained by distillation at the 
lowest possible temperature, and Mr. Manfield 
considers that a higher yield of better oil might 
be obtained from the shales now being used 
in Scotland, and that many of the lower-grade 
shales might be profitably worked if they were 
so treated ; after obtaining the oil, the tempera- 
ture would, however, have to be raised to get 
the ammonia. If carried out in ordinary retorts, 
low - temperature distillation is a slow process, 
and to reduce the time required the process is, 
in the Tozer retort of the Tarless Fuel Company, 
carried out in a vacuum. The time required is 
further reduced by heating the charge internally, 
the retort, for this purpose, being divided into 


f | chambers with hollow ribs all round them, through 


which heated gases pass. In another modern 
retort, the Del Monte, no vacuum is employed, 
but internal heating is effected by burning some 
of the uncondensable gases in a tube passing 
through the charge. The retort is inclined at 
about 15 deg. to the horizontal, and the charge is 
fed in at the lower end, and worked upwards by 
means of a spiral screw. Except for about one- 
third of its — at the lower end, the retort is 
heated externally by burning the uncondensable 

with compressed air in jets placed at intervals 
of about 3 ft. Uncondensable gas is passed in at 
the top ef the retort to drive the vapours down to 
the cool end, where a considerable part of them, 
including all the heavy and medium oils, are con- 
densed by the fresh, cold charge, and collected ; the 
remaining vapours are passed through a water- 
cooled condenser to obtain the lighter oils. It is 
claimed that this system yields an average of 80 
gallons ton from Kimmeridge shale, and that 
the sulphur contents are less than the 3 per cent. 
standard demanded by the Admiralty for fuel oils. 

In the process as usually worked, the gases and 
vapours from the retorts are passed through con- 
densers, in which the heavier oils and steam are 
condensed, the latter absorbing the ammonia and 
forming ammoniacal liquor. The uncondensed 
vapour is then passed through towers, in which 
naphtha is extracted, and after being scrubbed to 
recover any ammonia it may contain, is used for 
heating the retorts. The crude oil from the con- 
denser is split up in the refinery into naphtha, 
burning oil, gas or intermediate oils, lubricating 
oils, solid paraffin, &c.; the naphtha is split up 
into motor spirit, lower-grade spirit, and solvent 
naphtha. Mr. Manfield thinks it would be prefer- 
able to pass the crude oil from the Dorset shales 
through a converter yielding some 20 to 30 per 
cent. of motor spirit, and to use the residue as 
fuel oil. The sulphate of ammonia obtained from 
the ammoniacal liquor with sulphuric acid is of 
considerable commercial importance. In Scotland 
about 45 lb. per ton are obtained on an average, 
though shales rich in oil are usually poor in 
ammonia, and vice versd.. The Dorset shales are 
rich in ammonia, and the seam giving the most oil 
yields 45 lb. of ammonia per ton. Many of the 
shales poorer in oil yield much larger quantities of 
ammonia, and could therefore be profitably worked, 
especially as the ammonia might be extracted from 
the vapour without the use of sulphuric acid by the 
Burkheiser process, or some modification of it. 

The one great difficulty that has prevented a 
very large extension of the shale-oil industry is 
in connection with the removal of the sulphur. 
Most of the shales worked contain less than 1 per 
cent. of sulphur, but the shales richest in oil 
contain the most sulphur, and oil distilled in 
the ordinary way from the best Kimmeridge shales 
has a sulphur content of from 5 to 8 percent. In 
the process of distillation sulphur compounds are 
formed at a very low temperature, and as these 
compounds are very difficult to destroy, attempts 
have been made to remove the sulphur from 
the shale before placing it in the retorts. So 
far, however, no commercially successful process 
has been invented for doing this, or for pre- 
venting the sulphur from combining with the 
oil in the retorts. Neither has the difficulty of 
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removing the sulphur from the oil been satis- 
factorily overcome, though many eminent chemists 
have attacked the problem, and have attained a 
certain measure of success in some cases. Mr. 
Manfield suggests that good results might be ob- 
tained with a combination of two or more of the 

rocesses already devised ; in any case he is con- 
ident that, sooner or later, the difficulties will be 
overcome. The matter is certainly well worthy of 
further careful study, since an economical process 
of removing the sulphur will confer a t benefit 
on the community by rendering available the vast 
sources of motor spirit and fuel oil present in the 
Kimmeridge shales in this country, to say nothing 
of those in other parts of the Empire and foreign 
countries. 





THE TRANSMISSION OF ELECTRIC 
ENERGY FROM SWEDEN TO DEN- 
MARK. 


Tue transmission to Denmark of electric energy 
generated in Sweden is now an accomplished fact, 
and during the few weeks which have passed since 
it came into operation the system has worked quite 
satisfactorily. Although this is the first instance 
of the transmission of electric power from one 
country to another by submarine cables, current 
is transmitted across land frontiers in several 
localities. Thus a considerable district round 
Nancy, Toul and Verdun receives, or used to receive, 
electric energy from a colliery power-station in 
German Lorraine ; the hydro-electric power-station 





Trelleborg, in the south, is about 150 km. (93 miles). 
The current is transformed down from 50,000 volts 
to a lower distribution vol viz., 5000 volts in 
the towns and 20,000 volts in the country. The 
more important towns included in the system are 
Hal Engelholm, Helsingborg, Landskrona, 
Lund, Malmo, and Trelleborg. 

Helsingborg, which is of special interest in con- 
nection with the Swedish-Danish electric supply, 
obtains its current from two 50,000-volt lines 
proceeding from the sub-station at M6 where 
they are connected with the main line ween 
Kniired and Malmé; the distance between these 
two places is about 60 km. (37 miles), and that 
between Mérarp and Helsingborg about 15 km. 
(9.3 miles). Thesupply to Denmark is taken from 
the Helsingborg transformer-station, which has 
been enla for the purpose. The voltage is 
transform down to $5,000 volts, which was 
deemed to be the highest pressure suitable for a 
cable installation of this nature. The current is 
transmitted at this pressure through the town of 
Helsingborg by two underground cables, 4.8 km. 
3 miles) long, to Palsjé, north of the town, on the 
ound, and thence, through two submarine cables, 
5.4 km. (3.35 miles) long, under the Sound, to 
Marienlyst, on the Danish coast, north of Elsinore, 
and then through underground cables, 1.5 km. 
(0.93 miles) long, to a transformer station west of 
Elsinore. There the energy is transformed up 
to 50,000 volts, and transmitted through two 
three-phase copper overhead lines, supported on 
iron poles, to Gentafte, a further distance of 35 km. 
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at Rheinfelden, in Switzerland, supplies large 
quantities of electric energy to Germany ; and 
Switzerland also supplies a considerable amount 
of energy to Italy ; a Silesian colliery power-station 
transmits part of its current to Austria ; and there 
may be other instances of international electric 


supply. 

Hlectric energy is transmitted to Zealand by the 
South Swedish Power Company, which was formed 
in the year 1906 for the exploitation of the falls in 
the Lagan. This company now owns four power. 
stations on the Lagan—one at Majenfors, one at 
Basalt, and two at Knired—with an aggregate 
capacity of about 26,000 horse-power, or about 
19,000 kw. The annual production is at present 
50,000,000 to 60,000,000 kw.-hours. As this power 
is almost completely utilised, extensions are about 
to be made in different directions. Three addi- 
tional waterfalls have been secured in the Lagan, 
representing an aggregate of 10.000 horse-power, 
or 7000 kw. Further, a steam plant, with a capa- 
city of 5000 kw., is being built in Malmé, and 
an arrangement has been entered into with the 
Héganés-Billesholm Coal-Mining Company for the 
supply of 2000 kw., and later on of 7000 kw., to 
be generated in a steam plant at Ormastorp, where 
some of the company’s inferior coal will be used 
for fuel. The South Swedish Power Company will 
thus have about 40,000 kw. available in the near 
future. 

The energy generated at the Lagan power- 
stations is transmitted as three-phase alternating 
current at 50,000 volts to the different centres of 
consumption by means of copper lines on iron 
poles. The main lines to the more important 
— are in duplicate. The locality of the distri- 

ution system in Sweden and Denmark will appear 
from the map of Zealand and of Southern 
Sweden (Fig. 1) which we publish on this page. 
The distance between Halmstad, in the north, and 





(214 miles). The current is there transformed 
down to 10,000 volts, which is the normal distri- 
buting pressure of the North Zealand Electric 
Company. Some four or five feeding lines are 
here connected with the company’s existing lines, 
so that the supply can be maintained from this 
station, and the Svechoed plant be shut down. 
Part of the current will be transformed down to 
10,000 volts at the Elsinore transformer station, 
so that the northern part of Zealand can be sup- 
plied direct from there. The overhead lines are 
prote ted by earth-connected lines above the trans- 
mission lines, and the transformer stations are also 
eer aay against - rm The cable lines from 
weden to Denmark, and the overhead lines on 
both sides, are in duplicate throughout, and either 
line is capable of transmitting the entire supply 
should the other become faulty. The maximum 
supply is calculated at 5000 kw., but should a larger 
supply be decided upon at a future date, a third 
‘ale will be laid, and the necessary extensions 
undertaken on shore. In order to protect the 
high - voltage submarine cables from dragging 
anchors of vessels drifting south, a protecting 
cable has been laid parallel with the power cables, 
consisting of a steel wire rope with a breaking 
strength of 40 tons. This protecting cable also 
carries telephone cables for communication be- 
tween the transformer stations on either side. 
The cable installation is shown on the accompany- 
ing map, Fig. 2, in its complete state, with three 
high-voltage cables and one protecting cable, all 
laid at a distance of 100 metres (109 yards) apart. 
The position of the cables was chosen so as to place 
them parallel with the State —— cables, the 
distance between the two being metres (650 
\. To notify vessels that they are not allowed 

to anchor in the vicinity of the cables, land-marks 
have been erected on both sides of the Sound to 
show the position of the protecting cable. The 





land-marks consist of iron towers of trellis work, 
25 metres (82 ft.) high, with bases measuring 
4 metres by 6 metres (13 ft. by 20 ft.). They are 
covered with wood painted white, and at night are 
illuminated with green lights. The submarine 
cables are insulated for 35,000 volts, or 10,000 
volts more than they will be subjected to. In 
both submarine and land cables the sectional area 
of each of the three copper conductors is 70sq. mm. 
(0.108 sq. in.). The insulation consists of impreg- 
nated paper, and moisture is kept out by a lead 
covering outside the insulation. The thickness of 
the insulation is 11 mm. (0.43 in.) in the land 
cables and 13 mm. (0.51 in.) in the submarine 
cables. These thicknesses of insulation are 
previded between the conductors themselves and 
also between the conductors and the lead cover- 
ing. The land cables are, as usual, protected 
by iron sheathing, and have an outer diameter 
of 78 mm. (about 3 in.); their weight is 17 kg. 
per metre, or 34 lb. per yard. The submarine 
cables are strengthened with galvanised Z-shaped 
iron wires, 6 mm. (0.236 in.) in thickness; the 
outside diameter is 92 mm. (3.6 in.), and the 
weight about 28 kg. per metre, or, say, 56 Ib. 
per yard. The submaiive cable was supplied 
in nine lengths, of 600 m. (656 yards) each. The 
ene are connected by means of iron 
coupling-boxes, 14 m. (nearly 5 ft.) long, by which 
the strain from the sheathing-wires of the cables is 
transmitted. The connecting-boxes have inner boxes 
of lead, which are soldered to the lead covering of 
the cables. Both boxes were filled with compound. 
After the joint was completed the iron boxes were 
asphalted outside, and all the outside bolt-heads 
were covered with a zinc sheathing and asphalted. 
The protecting cable was supplied in one length of 
5400 m. (5900 yards). The telephone lines are 
insulated with gutta-percha ; the outside diameter 
of this cable is 52 mm. (2 iv.), and its weight is 
9.5 kg. per metre, or 19 lb. per yard. The cables 
are laid direct on the bottom of the sea without 
any protection, but the shore ends are protected 
by steel tubes, and buried in the ground as far as 
possible, so as to protect them from wave action. 
On the Danish side the cables are laid in a 
dredged channel as far as the Lappen ground, 
where the water is shallow, and where, under 
unfavourable conditions of weather, numerous small 
sailing vessels are accustomed to anchor. The 
— depth at which the cables are laid is about 
metres, nearly 21 fathoms. 

As this submarine cable installation is entirely 
novel, and is liable to disturbance by anchors and 
storms, only one my igs cable, the central one 
of the three, has m laid at present, in addi- 
tion to the protecting cable ; neither has the 
50,000-volt overhead line from Elsinore to Gentafte 
yet been constructed. When in the course of 
some two or three years the working has proved 
satisfactory, the further installation will be pro- 
ceeded with ; in the meantime there will always be 
a steam plant in reserve on the Danish side. 

In conclusion we wish to express our indebted- 
ness to M. A. R. Angelo, the director of the 
North Zealand Electric Company, for the informa- 
tion he has been enough to supply us with, 
which has enabled the above account to be pre- 





LIGHTING CONTRACTS AND THE 
WAR. 

A cast which was heard last week by Mr. 
Justice Low involved a discussion of the indirect 
effect of the war upon a contract for lighting a 
town or district. There was nothin iar 
— the oe — ; af indeed, e kind 
of agreement to supply gas for public lamps which 
is commonly phat into by wy euthoritids ; but 
the decision is important, having to the 
lighting restrictions now in force in various parts of 
the country. Moreover, having to the extent 
of the recent air-raid, it is probable that the use of 
light will be restricted over a very considerably 
increased area. In these circumstances light- 
ing companies, whether they supply or elec- 
tricity, may have to face some difficult questions 
arising with regard to the meaning of their con- 


The facts of the case were very simple. A gas 
company was under contract to provide columns, 
lanterns and burners, to connect them to their 
mains, and to supply gas for the lighting of a dis- 
trict for five years from August 1, 1911. ey duly 
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rovided the plant in accordance with the contract. 
They also provided gas as ae but at the end of 
1914, owing to an order by the military authorities, 
the number of gas-lamps to be lighted was dimi- 
nished. In 1915 lighting was stopped altogether. 
The local authority having ref to pay three 
quarterly payments all to be due under the 
agreement, the gas company brought the present 
action. By way of defence to the claim, the local 
authority alleged that the performance of the 
contract having become illegal or impossible, they 
were not bound to pay anything for gas; while 
the gas company, on the other hand, had become 
and were entitled to remove and dispose of the 
- and other plant, 

r. Justice Low gave judgment for the plaintiffs 
for the full amount claimed. He pointed out that 
the contract was partly executory and partly 
executed. It had been executed by the plainti 
in that they had provided the plant and the lamps. 
As to whether the performance of the contract was 
unlawful he said :—‘' I do not think that it is 
correct to say that because in time of emergency 
power is given fora competent authority to suspend 
the actual lighting in a given area for such times 
as may be considered necessary for national safety, 
and such power is exercised, that a provision for 
lighting within the area becomes unlawful in the 
meaning of the authorities . . . Nor doI think it 
renders it impossible.” He went on to say that 
the lighting order might be recalled at any time, 
and that the gas company were and remained under 
liability to provide and maintain the lamps and 
resume the supply when called upon during the 
currency of the agreement. 

A point deserving of special notice, upon which 
the learned judge laid due stress, is this : That the 
contract in so far as the company were con- 
cerned was partly executed. They had provided 
the plant and supplied the lamps. Those who 
desire to cite this case as an authority for the 
proposition that in all cases where the lighting of 
lamps is prohibited, the bill of a gas or electric- 
lighting company must still be paid, should specially 
note this point. There are probably many cases 
where lighting companies are bound to provide 
light simpliciter (whether as electric energy or coal 
gas), without PT anything in the nature of 

lant. Can it be said, in such a case, that the 
local authority must pay for light which, owing 
to oo making of a restriction order, it has never 
used / 

Much depends upon the terms of the contract. 
Suppose it was to supply ‘‘such quantity of 
{or electricity] as may be n to light the 
streets of Slocum-on-the-Mud at 2s. per 1000 cub. ft. 
[or 1$d. per unit) for the space of five years,” 
can it be said that the intervention of a Lighti 
Order, pe the lamps being lit, woul 
enable the company to sue for anything? It 
is submitted that it could not, although it is quite 
possible that the ‘‘ town lighting” may have made 
it necessary to instal or retain certain expensive 
machinery. 

Now let us introduce another term. Suppose the 
contract is as above, but subject to a minimum 
** rent ” of somuch per burner or lamp per annum. 
In that case, if lighting were stopped by a military 
order, the local authority might say that the con- 
tract was entered into on the footing that the 
streets were to be lit as in normal times, and refuse 
to pay even the minimum. 

hat they might so refuse seems to follow as a 
logical deduction from the well-known case of 
Krell v. Henry (1903), 19 T.L.R., 711, which arose 
in consequence of the postponement of the Corona- 
tion. A man had to let his flat for 75l. in 
Pall Mall on two days, to ‘‘ view the Coronation.” 
The function having been postponed, the ‘‘ tenant” 
refused to pay anything. The Court of A 
held that he was not liable, on the ground that when 
the contract was made it was not within the con- 
templation of the ies that the ion would 
not take \ ey held, in effect, that it was 
an implied condition that the procession would 
take place. By a parity of ing, in the 
supposititious case above mentioned, it is an 
implied condition that the street-lighting shall 
be normal during the currency of the agreement. 
If war supervenes and makes performance impos- 
sible, it is submitted that the gas company could 
claim nothing. 4 

Had it not been that, in the case before Mr. 
Justice Low, the contract was partly executed, 
it is humbly submitted that there must have been 





judgment for the defendants; and one may be 
permitted to doubt whether the proper course 
would not have been to direct an inquiry as to how 
much of the sum claimed was due ‘‘on capital 
account” and how much for the supply of gas, 
The subject is a difficult one, and there are 
hardly any authorities bearing upon it. There is 
one case (not cited to Mr. Justice Low) which may 
usefully be referred to. There an attempt was 
made (in 1893) to avoid payment for gas to be sup- 
plied at so much per lamp on the ground that 
certain lamps were not lit. By a local Act the 
charge for supplying to the public lamps at 
Richmond, including the providing and use of such 
lamps, ‘‘shall be 4J. wert or —. per annum, 
subject to an increase or reduction of 5s. per lamp 
per annum for every increase or reduction of 3d. 
per 1000 cubic feet to the ordinary consumer within 
the said parish ; the said lamps to be lighted from 
sunset to sunrise, and the burners used therein to 


consume not less than 5 cubic feet of gas per hour.” 
During certain months it frequently happened that 
many of the public lamps in Richmond were not 


kept alight during the prescribed period, the 
admitted cause being severe frost. e@ gas com- 

ny made special efforts to overcome the difficulty. 
The Richmond Corporation contended that the 
company were not entitled to recover the full 
statutory charge, but only such sum as might be 
reasonable, having regard to the gas actually pro- 
vided. It was held that full effect could only be 
given to the Statute by treating the 41. 5s. per lamp 
per annum as a lump sum to be paid by the Cor- 
poration which could not be apportioned or divided, 
and that it was no answer to say that the lamps 
were not alight during the whole of the prescribed 

riod by reason of a cause admittedly inevitable 
re Richmond Gas Company. v. Mayor of Rich- 
mond (1893) 1 Q.B. 56). 

In that case it will be noticed that the gas com- 
pany were to provide the lamps as well as supply 
them with gas ; soit ison all fours with Mr. Justice 
Low’s decision. Enough has, however, been said 
to show that the case of Leiston-cum-Sizewell must 
not be relied on to establish a proposition which 
is too broad. 





NOTES. 
Tue WestincHoose ‘ Divipep-Fiow” Marine 
TURBINE. 

In an article published in a recent issue of 
International Marine Engineering, Mr. J. H. 
Macalpine describes a geared-turbine installation 
to be fitted by the Westinghouse pn wed on two 
warships intended to develop 22,000 horse-power 
at full speed. The special feature of the plant lies 
in the turbine arrangement. The high-pressure 
turbine is of the disc and drum type and drives 
the — - shaft through reduction gearing. 
Whilst, however, sufficient nozzles are provided in 
the impulse section of this turbine to all the 
steam required at full power, the reaction blading 
is designed to pass only one-third of this quanti 
of steam, the remaining two-thirds passing throug 
a suitable valve to a double-flow turbine which 
is also geared to the screw-shaft by a second 

inion. Each of these turbines is connected 

irectly to the condenser. At low powers the 
valve between the two turbines is completely 
closed, so that the steam passes through the one 
turbine only, in which it is expanded down to the 
condenser pressure. Of course, at such low powers 
the larger proportion of the nozzles feeding the 
velocity-compounded wheel are closed. But one 
turbine is then in use, and this turbine is designed 
to develop economically one-third of the full-speed 
power, the second turbine being, at low powers, 
entirely cut —_ theca Senger a» 
arrangement it wi seen that at cruising s 
the number of turbines in operation is reduced, 
whilst with the older a in which special 
cruising turbines are fitted, additional units were 
brought into use as the demand for power falls off. 
It is claimed that the Westinghouse ment 
gives nearly as good a steam consumption at 
cruising speeds as at full power. The guarantee 
see is 10.8 lb. of steam _ shaft horse-power 

our at fullload, 10.5 lb. at wae + pene of full 
power, and 11.5 lb. at quarter full power. An 
em high-pressure connection is provided to 
the double-flow low-pressure turbine, enabling it 
to be worked with steam taken direct from the 
boiler should the need arise. The reversing tur- 
bine, which is constructed entirely on the velocity- 





compounded system, is arranged within the casing 
of the high-pressure turbine and can develop 60 per 
cent. of the full power ahead. 


Motutre.e-Errect R&rricERATION. 


In a paper recently read before the Association 
of Engineers-in-Charge, Mr. Wilfrid Stokes, M. 
——~ er gave a simple explanation of the 
multiple-effect compression refrigerating cycle 
— Wy Mr. se aaa oorhees. As is well 

own, the capacity of a CO, refrigerati lant 
of the ordinary type falls off mene esse ly as 
the temperature of the available cooling water 
rises. According to Mr. Stokes, if the capacity 
with cooling water at 53 deg. be taken as 100, 
then if the temperature of the cooling water rises 
to 90 deg., the relative capacity of the plant will be 
represented by 53. In the usual system of working, 
the whole of the mixture of gas and liquid, which 
= the expansion-valve, which is inte 

tween the condenser and evaporator of the plant, 
is led into the evaporator. The temperature of the 
liquid leaving the condenser cannot, at best, be 
less than that of the circulating water, and hence 
to reduce the temperature at the expansion valve 
to the desired figure more and more of the liquefied 
gas must be evaporated as the temperature of the 
cooling water rises. Hence, of the mixture enter- 
ing the evaporator a larger and larger proportion 
consists of gas. The interchange of heat between 
a gas and the walls of a tube is much less rapid 
than that between a liquid and the tube wall, so 
that one result of a high cooling-water tempera- 
ture is, in effect, to cut out of action a large pro- 
portion of the evaporator surface. Hence to main- 
tain the brine at the required temperature, the 
mixture must be cooler than if the whole of the 
evaporator surface remainded effective, and this in 
turn requires a larger evaporation at the expansion- 
valve, a kind of vicious cycle being established 
by which the effect of the drawbacks attaching 
to high temperature of the cooling water are 
emphasised. Mr. Voorhees accordingly introduces 
between the expansion-valve and the evaporator 
a sort of ‘‘ steam-trap,” in which the mixture of 
gas and liquid, resulting from the passage through 
the expansion-valve, is separated into its con- 
stituents. The liquid alone on to the 
evaporator, its re being reduced to the 
desired limit by a further expansion at a second 
valve. In this further expansion relatively little 
gas is produced, so that most of the evaporator sur- 
ace remains effective. The separated out in 
the ‘‘ steam-trap,” or ‘‘ multiple-effect receiver,” 
as it is called, passes direct to the com r, 
which is made with a somewhat longer cylinder 
than usual, and has a central port which is uncovered 
by the piston at the end of each stroke. It is to this 
% that the gas from the multiple-effect receiver is 
ed, the gas from the ep entering the 
cylinder through valves of the ordinary type. 
During the out-stroke of the piston the CO, from 
the evaporator is sucked in, in the usual way; but 
when the piston passes the central port, a further 
supply of gas enters from the multiple-effect re- 
ceiver, raising the pressure in the cylinder to that 
in this receiver. e whole mass is disc on 
the return stroke. By this arrangement the output 
from the compressor is greatly increased over that 
of a compressor of the ordinary with an equal 
piston displacement. Mr. Stokes stated that, with 
cooling water at 72 deg., the Voorhees system 
showed, over the usual type of CO, plant, an ad- 
vantage of 20.6 — cent. in power and of 52.6 per 
cent. in output, figures which rose to 53.5 per cent. 
and 134.3 per cent. respectively when the cooling 
water temperature was 90 deg. Fahr. 


Tue Vapour Tension oF WaTER AND OTHER 
Liqurps. 

Professor J. M. Crafts has made a life study of 
boiling-points, vapour tensions, and allied charac- 
teristic properties. The first communication which 
we remember was presented by him to the British 
Association at Southampton, in 1882. He was 
then at Paris, and he has worked in recent years 
at the Massachusetts Institute of Technology. In 
1913 Crafts published a long memoir on “ Fixed 
Points in Thermometry between 100 deg. and 
400 deg. Cent.,” in which he accentuated that abso- 
lute stability was almost more important for thermo- 
metric than absolute purity of the sub- 
stance. Of many substances which he had tried 
he had found only water, naphthalene and benzo- 
phenone sufficiently stable; mercury appeared 


Fes. 18, 1916. ] ENGINEERING. 


troublesome to deal with, and he suggested that 
mercury thermometers should not, in very exact 
work, be used for determining temperature differ- 
ences exeseding 0.01 deg. Cent. Water proved 
absolutely. stable between 70 deg. and 170 deg. 
Cent. Especially purified naphthalene retained 
its boiling-point constant during continued boil- 
ing for twelve months, the boiling-point being 
218.06 deg. Cent. for the latitude of Boston 
(42 deg. 21 min.), 28 metres above sea-level. 
Having on that occasion reviewed the work of 
Regnault on ‘‘The Vapour Tension of Water Be- 
tween 135 deg. and 230 deg. Cent,” he has recently 
studied particularly the range between 40 deg. and 
100 deg.; his memoir in the Journal de Chimie 
Physique of August, 1915, covers, however, a far 
wider temperature range, and contains many long 
tables concerning a large number of — com- 
pounds. He points out that the figures of Regnault, 
though, of course, of most remarkable accuracy, 
require certain corrections, amounting to more than 
0.1 deg. Cent. frequently, and that the thermo- 
dynamics of engines are still being based directly 
on Regnault’s data, whilst they should be based 
rather upon the corrected tables of Broch and 
Wiebe. Regnault made.use of two methods :— 
(1) Measuring the vapour tension inst a mer- 
cury column — this method was alone applied 
afterwards by Battelli, renowned in the same 
domain ; (2) measuring the temperature of boiling 
water at different pressures. e first method 
being more complicated, Crafts relied more on 
the latter, and he determined in icular the 
vapour tension of water by a method involving the 
comparison of the temperatures at which water and 
another liquid (chiefly naphthalene) boil under the 
same pressure. In the result he agrees better 
with Holborn and Henning (Reichsanstalt) than 
with Regnault, though his own temperatures are 
ieomneulile slightly lower than the Reichsanstalt 
values. The tables deal with the ye pressure 
of benzene between — 10 deg. and deg. Cent. ; 
the corresponding boiling-points of water and mer- 
cury ; the boiling-points of naphthalene, benzo- 
phenone, diphenyl methane, and, further, of 
aniline and various aniline derivatives, alcohol, &. 
There are certain relations between the (corre- 
sponding) boiling-points and vapour tensions of 
different liquids at the same pressures, and formulz 
have been suggested for calculating the data for one 
liquid from those of another (generally water). 
Crafts tested the formulz of Diiring, of Ramsay and 
Shields, and of Young especially, by making 250 
determinations of the ‘oiling-pointe of water and 
naphthalene at pressures ranging from 80 mm. to 
2200 mm. of mercury. He agrees best with the 
formula of Young, who had not perfect gas thermo- 
meters at his disposal, however. Reviewing the 
whole problem, he confirms the conclusion of 
Wiillner, that none of these formule hold with 
precision for such wide ranges of pressures, as from 
20 mm. to 40,000 mm. of mercury, to which they 
are sometimes supposed to be applicable, though 
they are useful for dealing with small pressure 
intervals. 
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stimulus under the successful application of hydro- 
electric power. 

Though the public mind has been educated to 
the admission that the creation and scientific 
—— of storage reservoirs are the only means 

effecting the conservation and control of: water, 
the legal aspects of the problem, involving compu!- 
sory acquisition of property inany —— case, 
are by no means clear. Interstate legislation and 
water -power acquired fresh prominence when| rivalries no doubt complicate the problem. The 
the development of electrical transmission demon-| country being generally settled, much of the land 
strated the possibility of applying the power ae has into private ownership, and the consti- 
miles distant from the spot where it was generated. | tutional right of a landowner to keep and enjoy 
Water that had run to waste in destructive floods | his own property with all the privileges ownership 
assumed a marketable value, and the competition| entails is very firmly held by the American 
for rights of storage and control became keen and | citizen. On the other hand, the power of the State 
vigorous. In the eagerness to utilise this new | to acquire possession against the will of the owner 
source of power, a new danger was also manifested, | is vague, nor is it certain that the State can dele- 
since it was possible that the claims of other gate the power of acquiring property to an indivi- 
interests, equally n to the well-being of| dual or corporation holding or using water-power 
the community, might overlooked. Such /| rights on a stream under its jurisdiction. By the 
evil consequences were the more probable, be-| exercise of right of ‘‘ eminent domain,” land can be 
cause the engineer could truthfully assert that| taken, all due compensation being given, from an 
his plans would not diminish the total volume| unwilling owner if the land is ne for public use, 
of water available for distribution by any appre-| But the storage of water for stream regulation has 
ciable amount. It is the energy, and not the water, | not’ been declared to be for the public use, and at 
that he needs; the stream, with the water re-| present there is no constitutional authority for 
turned to it, flows on more regularly and uni- uiring private land for this eminently desirable 
formly, to be utilised for the purposes of sanita- 
tion, irrigation, domestic supply, &. This is only 
partially true; the water at a lower level has not 
always the same value as at a higher, and the enor- 
mous lakes, extending over many square miles of 
surface, that it is often necessary to provide to en- 
sure efficient reservoirs, rob the nation of acres that 
could be turned to profitable account in agriculture, 
and may be needed in the near future. Te is essen- 
tial that the preservation and proper handling of 
water, as of all natural resources, should be viewed 
as a valuable national trust, and no dispropor- 
tionate treatment, tending to restriction mono- 
poly in any direction, should be permitted. It was 
the object of Mr. McCulloh’s lectures to enforce 
this more —_ outlook, embracing the principles 
that should determine the extent and method of 
water control. This purpose is singularly appro- 

riate, and the addresses collected here are the 
first fruits of a scheme for providing regular courses 
of lectures on the whole problem of water-storage 
conservation. The lectures were delivered at 
the Sheffield Scientific School, Yale College, the 
funds for which are generously provided by Mr. 
Chester S. Lyman. 

In the first lecture, Mr. McCulloh discusses 
those aspects of the problem of water collection 
and distribution that possess a general application. 
He dismisses as unfounded the popular belief 
that floods and droughts are directly due to the 
destruction of forest cover, and has no diffi- 
culty in showing that whatever beneficial effects 
might follow reafforestation by delaying the run-off 
after severe rainfalls, the simple replacement of 
trees on the hill-sides and forest slopes would 
neither prevent floods nor serve the purpose of 
storage reservoirs in regulating stream-flow. It 
must be remembered that this is no new question 
in the United States. Apart altogether from the 
problem of the utilisation of water for any purpose, 
the unequal flow of the principal streams in the 
country been a constant source of anxiety 
to riparian owners by reason of the periodical 
freshets that occasion great inconvenience, while at 
a intervals extreme floods occur, inflicting 
Set’s Diegcrony or TguecRAPHic Appresses.—A | much damage on life and property, with hindrance 
copy of the 1916 edition of this very useful publication, | to agriculture and manufacturing industries. These 
— a tf | gh eed ag re joss losses futnish abundant —— for the adoption of 

“ss preventive measures, and if there were no prospects 
pe ayy Ne oye “ielanied ta Gear te of turning the excess of water to profitable account, 
London and the provinces, with their postal and tele-| there would still exist a pressing necessity for 

ic a and telephone numbers, an index to|taking the necessary precautions to safeguard 
telegraphic addresses, a classified trades list for the whole | existing interests. Under pressure in the past 
of the United Kingdom, a section giving the cable|/the Federal and State authorities have devoted 
addresses of the principal business houses in the British bh technical a th d effects 
Empire overseas and foreign countries, and an illustrated | ™UC nical study to the causes an 
list of trade-marks. It also contains much useful infor- | Of ae collecting valuable statistics — have 
mation relating to telegraph tariffs, British Consular | prov o Pp ein Se e steps 
representation in foreign countries, and other matters of en a by the new economical conditions that 
interest to business men. The classified trades list is ®| have arisen. Experts have demonstrated beyond 
particularly useful feature of the publication. It contains th ibili da that th ion of 
the names and addresses of some 100,000 British firms, | *e possibility o oubt, © construction 
arranged under 3400 separate Many new | Storage reservoirs, scientifically located and operated, 

to this 
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. Itis even possible for a few disaffected indi- 
viduals to render water sto’ @ proposition im- 
possible of development, or agreement land- 
owners can place such a value on their land as to 
make the price prohibitive and any scheme imprac- 
ticable. e@ author argues, reasonably enough, 
that storage of water for flood control, and the 
generation of power, should be declared of ‘‘ public 
use,” especially if the power generated is to be con- 
verted into electricity and used for light, heat, 
manufacture, or transportation. The American 
land-owner is credited with being very tenacious 
of his rights, and we imagine that much water will 
flow down the streams before complete settlement 
is established. 

In the second lecture the data are discussed for 
guiding the engineer on the course to be adopted 
under given conditions, and the means by which 
these data are collected. The necessary information 
involves problems affecting the economic, hydro- 
graphic, topographic and geologic conditions. The 
cost of construction of the necessary works has to 
be balanced against the improvements resulting 
from the restricted or unrestricted flow on the 
—— stream ; the extent of a ible market 
or water-power is an important feature, as well 
as the nature of the industries for which it will be 
used. On such information, frequently loose and 
ting mye has to - computed “ a that 
may be expected, and consequently amount of 
capital that can be usefully employed. The infor- 
mation to be derived from the pee features of 
the country is equally important, but hardly more 
trustworthy. It is easy to write that accurate 
measurements from stream-flow or run-off are 
indispensable preliminaries to the study of regula- 
tion by water storage, and constitute the founda- 
tion of the entire structure of computations and 
estimates, but the engineer has to be content with 
results of small approximation. The annual rain- 
fall varies v widely in the same district, and 
no one will bold enough to say how many 
years of observation are necessary to determine 
the average amount of precipitation. The run-off 
depends on many variables outside control, and the 
uncertainty of such formule as those of Chezy 
and Kutter, or of direct measurement over weirs, 
will be readily admitted. Velocity measure- 
ments are perhaps more trustworthy for a limited 
period, but these leave much to be desired. The 
engineer must have some statistics on which to base 
his deductions, but he has to rely much on his 
experience and the knowledge derived from the 
study of many ee anne Bn is on safer 
ground in consideri topographic conditions of 

which depend the suitable location 

of reservoir sites, their areas and capacities. The 
geologic data can also be made fairly accurate, and 
will furnish a trustworthy guide for selecting prac- 
tical and safe sites for dams, embankments, and 
other structures. As an address to students, this 
lecture is well designed and full of information of a 

‘The foneretion and. peasibili 

e generation possibilities of water power 
form the subject of the third lecture, which aad 
as an admirable introduction to the technical study 
of the newest, if not the most important, phase of 





THe tate Mr. R. Rew Penman.—We regret to 
have to announce the death, which occurred on the 7th 
inst., at his residence, Newlyn, Circus Drive, Dennis- 
toun, of Mr. R. Reid Penman, chairman and managing 
director of Messrs. Penman and Co., Limited, Caledonian 
Iron Works, Glasgow. 


_—_—_— 


trade headings. 
headin, pertionlecty in the chemical industries, have | is the most effective and the only practical method 
been this section in the present edition ; a new | of controlling flood waters in winter and of increas- 


section, con’ announcements of Government | ; i 
pare wpe BAe, The ‘publisetion ie in | 28 the flow of the stream during the summer 


: . droughts. The country is not taken by s ise by 
ioltpenehio ies aati a < in ne the sudden demand for water pam, & the cam- 
cluding a supplement, is 25e. paign of constructive action has received a new 
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water conservation. It is estimated that the 
United States have at command an available energy 
of 36 million horse-power, ibly five-sixths of 
which now runs to waste. » a8 computed, every 
hydro-electric horse-power saves a consumption 
of 12 tons of coal per annum, some very large 
figures are required to express both the unused 
latent possibilities and the annual loss incurred. 
These figures should arrest public attention, be- 
cause they tell of a loss that has to be ——— by 
coal-measures hurrying to depletion, and oil-tields 
whose capacity can only be guessed. Falling 
water whose continuing energy is replaced by solar 
action conserves those materials that need to be 
husbanded and used for purposes for which 
there is no equal -substitute. A small table 
shows the rapid growth of the manufacturing in- 
dustries in the States; and the readiness with which 
the public can absorb the various forms of energy 
indicates that the increase will proceed in a geo- 
metric ratio. From 1899 to 1909 the total horse- 

ower in use has doubled, but the rate of increase 
in the various forms available is as instructive as is 
the amount :— 


Horse-Power. Increase in Ten Years. 





Form of Power. 
Horse- 





1899. 1909. Power. | Percentage. 
Steam-engines ..' 8,139,579 14,202,137 6,062,558 | 74.5 
Gas-engines .. 134,742 754,083 619,341 | 450.0 
Water-wheels .. 1,454,112 1,807,144 353,032 24.3 
Electric motors.. 492,936 4,817,140 4,324,204 877.0 
! 


For the pur of instruction the author con- 
siders the aliens that might obtain on a typical 
river on which intelligent but inexperienced efforts 
had sought to turn to account the power that was 
running past a town on its banks. The matter is 
elementary but convincing, and should prove emi- 
nently instructive to those for whom it is intended, 
since it demonstrates the advantages of greater 
available head, the economy of continuous or pro- 
longed flow, &c., and the mechanical means by 
which such ends are secured. Incidentally, it is 
mentioned that when the Niagara Falls Electric 
Development was in its infancy the turbines 
worked under a head of from 90 ft. to 100 ft., and 
this was then believed to be the limit of possi- 
bility. To-day they are working under a head of 
210 ft., or more, thus doubling the power without 
any increase in the water withdrawal, and we must 
be prepared for further extension in the same 
direction. 

The penultimate lecture deals with water storage 
for the supply of domestic service, sanitation, and 
irrigation, taking into account such subjects as 
water waste and preventable pollution. The 
abundant supply of pure and wholesome water 
is as cneutal to the prosperity of the ple as 
is the power that drives the wheels of industry, 
promotes light and heat, or the means of trans- 
portation ; but it is difficult to invest such matters 
with the interest and excitement that attaches to 
the more novel applications of water power. The 
mammoth construction of the Catskill reservoir 
and aqueduct takes us, however, among the works 
of giants, and by the ingenuity and daring ex- 
hibited may awaken our surprise and challenge 
our admiration. In comparison with such schemes, 
the leakage of = and the waste of consumers 
seems petty and tedious, but true water conserva- 
tion calls attention to the minute as well as to 
operations on a magnificent scale. The adage 
de minimis non curat lex does not apply to the 
water engineer. 

Finally, the author considers the application of 
the principles outlined, to a concrete example, 
selecting the State of New York—a district richly 
endowed by Nature with running streams, and one 
that benefits by its proximity to the Niacara Falls. 
This State has a icular inturest in water-power 
development, for its coal-measures are scanty, and 
inadequate to work its valuable iron deposits. And 
yet the value of the wasted water powers, on a 
moderate estimate, may be placed at about3,000, 0001. 
annum, and, in addition to this continuous loss, 
trous floods, due to uncontrolled flow, work 
much mischief. The conditions which obtain are, 
to some extent, a repetition of those that occur 
on the northern side of the St. Lawrence, to which 
we recently called attention at some considerable 
length. It is satisfactory to note that the flourish- 
ing Dominion of Canada is quite as ready to exploit 
its natural resources as the New England States, 





and that the country is proportionally not one whit 
behind the wealthy and prosperous Empire State. 
Mr. McCulloh’s well-selected di ing under 
the eye what has been done and what remains to be 
done to compel the flowing water to minister to the 

ing needs of the manufacturer, to lengthen the 
fife Ae ao —_ = stores, = Mace 
to industr su of en on which depen 
the d of civilisation ~ the well-being of 
the human race. 


The Electron Theory of Matter. By O. W. RicHARDSON, 
M.A., D.Sc., F.R.S., Wheatstone Professor of Physics 
at King’s haar ay London. Oambridge: University 

Press. [Price 18s. net, bound. ] ‘ 

Tue author's aim is to exhibit the extent to which 

the fundamental facts of physical science may be 

co-ordinated by means of the conception of the 
electron and of the laws of electrodynamics. The 
book has grown out of a course of lectures which 

Professor Richardson delivered to his graduate 

students at Princeton University, New Jersey, 

to which he had been called from Cambridge. 

That he starts from elementary beginnings in 

developing his subject will be gratefully acknow- 

ledged by the reader. Since the electron theory in 
its wider sense practically embraces every branch 
of physical science—not to speak of chemistry, to 
which in particular the author devotes himself only 
in one of his chapters, that on the structure of the 
atom—everything, in fact, in which the wther is 
assumed to be concerned, including radiation, 

spectroscopy, and gravitation, the task was a 

formidable one and claimed much study, time and 

space. 

Thus the compilation of this treatise of over 
600 pages has occupied the author for several 
years, and meanwhile the position of the electron 
theory can hardly be said to have been strengthened 
in several fields. Professor Richardson regrets 
that he has been unable to incorporate in his 
volume the most recent researches—i.e., those of 
the years 1913 and 1914—on the electron theory 
of metallic conduction ; he particularly refers to 
Kamerlingh Onnes, Keesom and W. Wien. He 
expresses the hope, however, that the ideas under- 
lying Planck’s theory of radiation would hel 
over the difficulties which the recent more thoroug 
quantitative investigations have revealed in pheno- 
mena that had appeared harmonious on general 
lines. That hope, we think, has hardly been realised. 
Metals, or metallic conductors more properly speak- 
ing, are supposed to differ from metalloids (dielectric 
media) by their containing ‘‘ free ” electrons, able 
to move freely from one part of a conductor to 
another, whilst the ‘‘ bound” electrons of dielectrics 
can only undergo small displacements from their 
position of equilibrium when an electric field is 
made to act on them (page 96). But—we do not 
quote the author now—the atomic heat values do 
not suggest any such distinction between metals 


and metalloids; and if we accept the electronic | read 


theory of electric conduction, then we want far more 
free electrons than there are atoms, which is in- 
compatible with the determinations of atomic heat 
and of thermal conductivity. Professor Richard- 
son regards it as fairly certain that the number of 
negative electrons per atom is equal to about half 
the atomic weight, or, at all events, is comparable 
with the atomic weight (page 592). Again, the elec- 
tronic explanations of secondary phenomena, like 
the Peltier effect, Hall and Thomson effects, appear 
to call for special assumptions, more or less contra- 
dictory th ene another, or involve, at any rate, 
serious difficulties, which Professor Richardson 
indeed does not overlook (pages 434 and 461), but 
which have not been cleared up yet. The author’s 
own investigation on the emission of electrons 
from hot bodies have much been criticised, more- 
over. 

All that does not detract from the high value of 
this volume. Professor Richardson refers to the 
last-mentioned critiques—he had not the time to 
do more—as he points out the other difficulties. 
He is quite aware that many branches of the sub- 
jects are in ‘‘an aggravated condition,” notably, 
atomic structure, mena emission, X-rays, 
and magnetic properties. e deserves all the 
more thanks for having compiled so able, compre- 
hensive and painstaking a treatise on an extremely 
difficult subject, which so few understand and 
which yet creeps up in almost every scientific pa) 
now written. Even though he built on the basis 
of his lectures, he must have had a very severe 
task to accomplish. He is anxious to do justice to 





the many controversial views. He has taken par- 
ticular care to be accurate in historical statements ; 
thus we notice E. Wiechert’s name bracketed 
with that of J. J. Thomson as to the independent 
and simultaneous isolation of the electron, and with 
the name of G. G. Stokes as to the suggestion that 
Réntgen rays are pulses in the «ther. The general 
reader will find an outline of the theory, and of the 
three chief lines of inquiry which have led to it, in 
the general introduction ; his search for further in- 
formation will greatly be facilitated by the carefully 
compiled subject-matter index and name index. 

e first of the three lines of inquiry was a logical 
sequence of the electrochemical views and theories 
of Davy, Berzelius, Faraday, and Helmholtz, that 
each chemical atom invariably transported either a 
definite quantity of electricity or an integral multiple 
of that quantity. The second line of argument 
was suggested by optical phenomena. Maxwell’s 
electromagnetic theory accounted satisfactorily for 
the behaviour of light and of electromagnetic waves 
in general in free space; but the phenomena of 
refraction and dispersion, depending upon trans- 
mission through material media, offered difficulties 
which were overcome by the hypothesis that the 
media contained particles carrying electric ch 
and having natural frequencies of their own, which 
frequencies changed in the magnetic field (Zeeman 
effect); the phenomena of electric polarisation 
would then fall in line with optical phenomena. 
The third line of attack was furnished by the study 
of the electric discharge through gases and of the 
various radiations. 

The plan of the author is to discuss the pro+]-izs 
of electric intensity, potential, dielectrics, &c., first 
on general physical and mathematical lines, and 
then to pass to the modern electronic aspect of the 
questions. Why he brings magnetism before 
electromagnetism, though he admits that the 
fundamental discussion of magnetism has to be 
postponed, we do not quite see. The theory of 
magnetism comes late in the book—in fact, after 
chapters on electromagnetic waves ; on dispersion, 
absorption, and selective reflection; the funda- 
mental equations (of the electron theory); the 
activity of the forces (the rate at which work is 
done by the forces in the field or by the ether on 
the charges in any enclosed volume) ; charged sys- 
tems in uniform motion; charges moving with 
variable velocity; the zther ; the principle of rela- 
tivity and radiation and temperature. The chapter 
on the theory of magnetism follows all these, 
and is itself followed - chapters on the kinetic 
theory of electronic conduction ; the equilibrium 
theory of electronic conductors ; types of radia- 
tion; the structure of the atom; and, finally, 
gravitation. Although each chapter stands more 
or less by itself, the sequence was chiefly dictated 
probably by the mathematical treatment adopted. 

It would be useless to attempt to enter into 
particulars. We are not greatly disappointed to 
that the electron theory is not in a position 
to make very definite assertions about the nature 
of gravitational attraction, and that the Newtonian 
law of attraction between elements of matter will 
hardly ‘‘ be replaced by a modified law of electro- 
static force between electrons or elements of electric 
charge, unless the modified law includes the asso- 
ciated mass explicably.” It might be considered dis- 
appointing in so far as the view that gravitational 
attraction is an electrical effect at the bottom is by 
no means new (Mossotti, 1836) ; but would electric 
gravitation, some kind of uncompensated residual 
electric force, be any less mysterious than gravitation 
is now? We ought to have given the author’s defini- 
tion of electrons long before this. He restricts the 
term to ‘‘ particles which consist of a geometrical 
configuration of electricity, and nothing else, whose 
mass, that is, is all electromagnetic.” He defines 
potential as ‘‘ the work divided by the charge when 
an infinitesimal charge is brought from some 
standard position to the point in question” 15), 
and remarks with regard to intrinsic dielectric 
polarisation that ‘‘ it is commoner than is generally 
supposed ; for, unless a substance isa good insu- 
lator, it will always cover itself with a distribution 
of electric charge, which is just such as is required 
to annul the external action of any intrinsic polarisa- 
tion it may possess ”’ ( 78). How a body is to 
cover i with a distribution, we do not quite 
comprehend ; Professor Richardson is not always 
fortunate in his definitions and expressions. But 
his language is on the whole commendably clear, 


and we are far from wishing to suggest any hasty 
writing. The book emmy Pathe the Booed 
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of thorough care. Electrons have not come of age 
yet. We do not know of any other volume covering 
the vast ground, and we feel sure that this electron 
theory of matter will find many students and 
friends. 

We should add that this notice was written 
before Sir J. J. Thomson gave his masterly dis- 
course on the electron theory before the Institute 
of Metals.* 


The Log of H.M.S. “ Bristol.” By Witttam Bucuan, 
leading signalman. London : The Westminster Press, 
11, Henrietta-street, W.C. [Price 4s. net. } 

Many contributions must ge to the preparation of 

a really comprehensive and classic history of the 

great war, and ‘‘ The Log of H.M.S. Bristol” may 

help to this end. Much ground was covered with 
the minimum of real action, but in the period 
compassed by this log, between May 13, 1914, and 

December 17, 1915, when the Bristol traversed 58,361 

miles (her longest continuous voyage being 2599 

miles), there was accomplished part of that silent 

pressure of the British Navy which has, throughout 
the war, been an important factor towards victory. 

The Bristol was dispatched with some haste to 

Mexico in connection with the rising there, but 

when the news was piped on board on August 4 

that ‘‘war with Germany was declared an hour 

ago,” the Bristol was at sea. The reception of the 
news is told with a directness and simplicity which 
is not only characteristic of the — but 
is typical of Mr. Buchan’s style. ‘‘ Little groups 
gathered together to discuss the matter, and jokes 
were numerous. On the whole, the news was 
not received seriously. Nobody ceased card- 
playing, there were no whisperings, as may be 
expected, but just the usual routine, as if it were 
an every-day happening. The ship’s routine was 
slightly altered, the guns being manned all night, 

a continual look-out being kept, and it meant a 

little more work for us. That is all it mattered.” 

Two days afterwards the Bristol came up with the 

Karlsruhe, which first opened fire, and the fire was 

returned ; but the superior speed of the Karlsruhe 

enabled her to steam away. ‘‘ All that can be said 
as regards feelings during the actual firing is that 
one is wondering when and where the first enemy’s 

shot is going to strike, and all who could took a 

keen interest in the fall of the Karlsruhe’s shots.” 

There was no excitement. The crew afterwards 

‘* were just tired,” and that ended the first engage- 

ment. 

The Bristol continued to watch the West Indian 
ports, and afterwards engaged, with other ships, in 
sweeping the Southern Atlantic forenemy commerce- 
destroyers, the ships being about 40 miles apart. 
No luck, however, came their way. It is remark- 
able that even the traditions of the sea in crossing 
the line were not neglected, although stern work 
was being done. King Neptune sent an envoy on 
board, and honour was duly paid without any inter- 
ference with the ship’s work. Many ports were 
called at, and in some of these German ships were 
found ; but, of course, they could not be touched, 
which, naturally, was a cause of much regret. The 
calls at ports were of short duration, and were 
mostly for the purpose of coaling. Indeed, the ship 
used on her 58, 361 miles 27,839 tons of coal ; the 
best record in coaling was 100 tons per hour 
from colliers. The Bristol was included in Admiral 
Sturdee’s victorious fleet for the battle off the 
Falkland Islands, and this naturally comes in for 
attention, but the function of the Bristol on this 
occasion was the sinking of the enemy colliers. 
Naturally ‘‘ disappointment was keenly felt ” that 
a bigger share was not taken by this smart cruiser. 
The crew’s ambition was to sink the Karlsruhe, 
but this was not realised, as, hunted by others, 
she ‘‘had blown herself up off an obscure little 
island in the West Indies.” The Bristol, however, 
with others, was soon after the Dresden, which 
had esca from Admiral Sturdee, and this took 
the vessel down through the Straits of Magellan 
to the West Coast, but again there was no reward. 

The vessel afterwards proceeded to the Mediter- 
ranean, and ultimately to the Adriatic, and while 
in the harbour at Brindisi, the crew saw the regret- 
table destruction, by internal explosion, of the 
Italian battleship Bendetto Brin. Ultimately the 
Bristol was ordered home, arriving on December 17. 
The author tells the story of the whole of the com- 
mission in simple language, and affords a vivid 
picture of life on board under strenuous war con- 





* See ENGINEERING, xcix., page 577. 





ditions. Conditions of warfare precluded much 
leave, and thus, as the author says, the difference 
when in port was that ‘‘some days the ship was 
coaling, and other days she was not.” 
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Tue Berrincton Bormer.—An reo! account, by 
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tical water-tube type, has been specially designed for 
ry 4 with coal-dust, and is capable of evaporating 
34,000 Ib. of water per hour to 180 1 r sq. in. pressure 
from feed at x diggs Pang = and superheating the steam 
by 150 deg. Fahr. e boiler consists of a short cylin- 
drical steam and water drum connected to an annular 
mud-drum by three rings of vertical tubes, the tubes in 
the inner ring being partly surrounded by special fire- 
bricks for the greater part of their so as to form a 
combust hamber. The is reduced to 
a powder in an hye pee > ety | combined pul- 
veriser and blower, two of which are installed, oe 
one issufficient to supply the boiler when working 
normal load. The air capeyy See combustion is drawn by 
the blower through a tu air-heater placed in the 
ivered, together with the powdered coal, 
a vertical water-jacketed tuyére placed concen- 
tri with the mud-drum of the boiler ; dust-catchers are 
giecel | in the mains the pul veri 





surrounded at a temperature 
about 3000 t., which maintains the ignition 
independently of the incandescent brickwork, 
latter serves to re-ignite the mixture if the boiler is shut 
down for a short period. The ashes contained in the fuel 


are completely fused in the high-tem- 
tion porenane eon of ios comhentidiediand yt 3 
are deposited on the fire-brick lining in liquid form, and 


eventually trickle down the walls and drop off into eae 


importance in power-stations, such as that at Johannes- 
bate, with,» low lod factor ie that, stoam can be, raised 

rapidly, it being possi! to pub boiler on 
to the range twenty-five minutes after starting all cold 
'o 
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mt priate ew Report onthe SoD 4 steam rapidly be most pe fe amen 
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THE DISTRIBUTION OF PRESSURE 
BY GRANULAR MATERIALS. 


Very little is definitely known as to the way 
in which the pressure of a wheel on road metal 
or a sleeper on its ballast is transmitted to the 
underlying foundation. It is generally held that 
the intensity of the pressure due to an isolated load 
diminishes as the depth increases, and the assump- 
tion is sometimes made that at any depth the pres- 
sure is uniform, and confined to the base of a cone 
having the load at its apex and with ite sur- 
face inclined at an angle of 45 deg. to the line of 
the load. Some definite information on this head 
is provided by some experiments recently carried 
out in the engineering laboratories of the Uni- 
versity of Illinois, a description of which is con- 
tributed by Professor M. Enger to a recent 
issue of the Railway Review. The experiments were 
made by applying a local load to a bed of sand sup- 
ported on a concrete floor. An opening in the floor 
4) in. in diameter was closed by a plug 4 in. in 
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diameter, which rested by a knife-edge on a lever, 
the outer end of which was borne by the platform 
of a weighing-machine. The load was ore tothe 
upper surface of the sand by means of a circular 
plate, the diameter of which in different 
experiments from 9 in. up to 21 in. In the first 
instance the load was applied centrally over the 
~ already mentioned, and the weight borne by 

e latter was recorded. The presssure-plate was 
then shifted a little to one side, and the observation 
repeated. By proceeding in this way sufficient data 
were obtained to make it possible to } a a curve 
showing how the pressure on the sand varied with 
the distance from the line of load. The sand was 
thoroughly compacted before taking a ing. 
If, for example, it was intended to determine the 
pressure distribution at a depth of 12 in., the plate 
was started on a layer about 15 in. deep and forced 
down to 12 in. depth. The load was then released 
and —— — — a p tig a we 
ings of the pressure borne by the plug being taken 
during each of these reapp'ications of the load. 
The interesting fact was established that at 
shallow depths the intensity of the load on the 
plug might be very considerably greater than the 
av applied at the surface of the sand. 
Thus in one series of experiments in which the 

ures were 


measured by a ee u 
in. in diameter, instead of means then4-in. J 


plug aforementioned, the figures given in the next 
— a sae 

e figures given show the average pressure 
square inch on the 6-in. gauge, as compared with 
the average pressure per square inch on the load- 
plate when this is concentric with the gauge. 





Obviously, since the pressures given are av’ 

the maximum pressure along the centre line must 
be considerably higher. e diaphragm gauge 
was found to be unsuitable for ‘‘ out-of-centre ” 
observations ; but the results obtained with the 
wooden pine made it possible to plot curves show- 
ing the ibution of pressure. ese were found 
to have the character illustrated in Fig. 1. The 
shape of the curve recalls that of the ‘‘ error func- 
tion,” and is, moreover, very similar to the curves 
of pressure distribution that are found when a jet 
of water strikes a flat plate normally. Curves of 














l \ 
| Depth below Surface. | Diameter 
— | | of Load- 
6In. (12In.|18In,| Plate. 
: | pe | pe | pe in. 
Average pressure on 6-in. gauge; 72 43 «19 9.0 
” ” *” 160 90 , 40 13.5 
” ” ” - 19 | 92 | 21.0 





this kind are reproduced in Professor Unwin’s 
article on ‘* Hydraulics ” (Hacyclopedia Britannica, 
llth edition). Professor Enger has also plotted 
the lines of equal pressure which we reproduce in 
Fig. 2. In further experiments the motion of the 
sand was observed when a load was applied to 
@ mass one side of which was retained by a 
sheet of plate glass. By applying the pressure 
slowly, the motion of the sand was recorded, 
as short streaks, in a photograph taken simulta- 
wanedy.. Sie wae ee met found — 

esumably mdicular to the corresponding 
ines of nd geamane. This presumption cannot, 
however, be tested from Professor Enger’s photo- 
pup. since the size of the pressure block used 
in determining the lines of pressure was not the same 
as that with which the lines of flow were recorded. 
One result which appears to be fairly deducible from 
the experiments is that the distributing power of 
sand is not as great as would be anticipated from 
the = deg. rule referred to at the beginning of this 
article. 





CaNaDIAN TimpEeR.—The estimated value of the forest 
products of Canada in 1914 was 176,672,000 dols., as com- 
pared with 177,120,000 dols. in 1913, 182,300,000 dols. 
in 1912, and 170,600,000 dols. in 1911. The total of 
176,672,000 dols. ting. the value of the produc- 
tion of 1914 was le up as follows :—Lumber, lath and 
shingles, 67,500,000 dols. ; firewood, 60,500,000 dols. ; pulp. 

15,500,000 dols.; posts and rails, 9,500,000 dols.; 
cross-ties, 9,000,000 dols.; square timber exported, 400,000 
ols.; cooperage, 1,900,000 dols.; poles, 700,000 dols.; 
ce ae 850,000 dols.; —- materials, 22,000 
dols.; road mining timbers, 500,000 dols.; miscellaneous 
exports, 000 dols.; and miscellaneous products, 
10,000,000 dols. Spruce is the most important wood in 
Canada for the production of lumber and pulp. Maple 
is used for firewood as well as for furniture, cars, agri- 
cultural implements, hardwood flooring, and distillation. 
Cedar is the most important wood in Canada for poles, 
fence-posts and rails, cross-ties and shingles. ite 
pine and Douglas fir are important lumber species. Beech, 
poplar, and jack pine are used in large quantities for fire 
wood. Red pine, hemlock, and are lum 
woods of less importance. Balsam fir is an important 
<a Yellow pine grows in the interior of British 
umbia, and covers a large area in the dry belt. Elm 
is an important cooperage wood, together with oak, ash, 
and basswood. 


Tue tate Mr. Joun A. Hitt.—We + to learn 
from the American papers of the sudden death of Mr. 
John Alexander Hill s aA minent figure in the field of 
technical journalism in United States. Mr. Hill, who 
was in his fifty-eighth year, expired from heart failure in 
& motor-car on his wae his office in New York City 
on the 24th ult. Mr. Hill, who was an entirely self-made 
man, commenced his journalistic career while — s 

ive on the Denver and Rio Grande Railroad, by 
sending contributions to Locomotive ineering, then a 
small paper, of which he soon became i i 
the support of Mr. Angus Sinclair, he purchased the 
paper. and so developed and improved it that it rapidly 


the leading journal for locomotive men. In 1896 
oars Se pwns Se Ste popes te He, Site ir, and 
purchased the Americon Machinist. This enterpri 


proved so successful that he was able to acquire Power 
and the i ing and Mining Journal, and more 
recently he founded the new journal Coal re a, Wy 1912 

“aeeie into his hand 
and to carry on all these journals the Hill Publishing 


Com was f of which com Mr. Hill was 
pap ew Ang Mr. Hill was cies ionetad with Mr. 


ames H. McGraw in the McGraw-Hill Book Company, 
the well-known i of technical books. @ was 
Vice-president i Club, and a member of 


‘Club of New York, the Railroad 
the American Society of Mechanical i 





EXPANSIBLE BORING-CUTTER. 


Messrs. VisLox, Limirep, of 3, St. Bride’s House, 
Salisbury-square, Fleet-street, E.C., the makers of 
the patent lock-nut which we illustrated and described 
on page 760 of our ninety-seventh volume, have re- 
cently placed ‘upon the market a new small tool, 
called the ‘‘ Gauge-All” expansible boring-cutter. 

These cutters, which are especially suitable for 
finishing holes in boring work, are double-ended, and 
are made from two pieces of high-speed tool steel, 
united at their inner ends by means of a comparatively 
thick mass of a special alloy of soft white metal. The 
white metal adheres firmly to the steel, and is further 
secured by being keyed into it, as shown in the 
accompanying illustration. The object of the white 
metal a enable vn oO to be extended to its 
original dimension after its length has been slightly 
ues by wear or grinding, and this cdjestnees is 
effected by means of a tool, part of which is shown 
in the lower figure of our illustration. The tool 
is a piece of steel rod, bent into the form of a 
hair-pin, and the cutter is placed on s metal block, 
with the white - metal part between the prongs, 
which are then driven down into the metal with a 
hammer. This, of course, expands the metal, thereby 
increasing the length of the cutter, and the operation 
is continued until the correct dimension, as deter- 
mined by a micrometer or gauge, has been restored. 
If a sufficient number of cutters of the same size has 
to be dealt with, the adjustment can be greatly facili- 




















tated by the use of a gauge in the form of a box, made 
of mild steel to the exact length, and hardened at the 
ends. A cutter is placed in the box, in which open- 
ings must, of course, be left for the expanding tool, 
avd expanded, as above explained, until the cutting 
edges come into contact with the ends of the box ; the 
necessity for taking frequent measurements during 
the expanding process is thus avoided. 

A ‘*Gauge-All” cutter can be expanded several 
times in this way, but the actual number of e ions 
naturally depends u the amount ground off in re- 
sharpening, and the degree of accuracy required in the 
work. To give an idea of its capacity, we may men- 
tion that a 3-in. cutter has finished over holes 
10§ in. deep, in steel castings, to a limit of 0.0002 in., 
with the original white metal centre. The centres can, 
however, be replaced by the makers when they have 
been expanded as far as possible, which, in short 
cutters, would be until the over-all length of the 
white-metal centre became equal to the diameter of 
the boring-bar ; the extension of long ontters is not 
limited by this consideration, and these can be 
extended about ;*, in. before the white-metal centre 
requires to be replaced. The system has several 
advantages over the older method of expanding solid 
double-ended cutters by hammering them in the 
heated state. Perhaps the most important advantage 
is the saving in high-speed pom ag which is soon 
deteriorated by the frequent reheating, so that the 
cutter has to be scrap Another point is that 
the old method of ex ing must becarried out by a 
tool-smith, whereas ‘‘Gauge-All” cutters can be 
expanded by the machinist himself. The method is 
also, obviously, preferable to adjusting cutters by 
means of screws. ‘‘ Gauge-All” cutters are made in 
standard sections ranging from @ in. by } in. to 1 in. 
square, and in any length from 1} in. upwards; 
shorter cutters can, however, be specially made. 





Our Coat ABproap.—The exports of coal from the 
United Kingdom in January showed a certain dulness, 
deliveries having been checked by extremely high freight 
rates. The totel shipments of the month were 3,171, 
tons, as compared with 3,612,963 tons in Jan , 1915, 
and 5,794,770 tons in January, 1914. These to were 
increased by the addition of coke and patent fuel to 
3,383,099 tons, 3,769,598 tons, and 6,088,971 tons ec- 
tively. There was also a sharp falling off in the ship- 
ments of bunker coal in January, the total coming out at 
only 1,069,244 tons, as compared with 1,377,081 tons and 
1,731,012 tons. France was the only country to which we 
sent more than 1,000,000 tons of coal in January, the 
deliveries made to that quarter having been 1,347,586 
tons, as compared with 1,383,961 tons and 1,235,642 tons, 
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THE OCCURRENCE AND INFLUENCE OF 
NITROGEN ON IRON AND STEEL.* 
By Professor N. TscuiscHewski (Tomsk). 
INTRODUCTION. 

THE injurious influence of nitrogen on the mechanical 
properties of iron is now firmly proved. As shown by 
108 _— in Mendelejeff’s periodical system, nitrogen 
would necessarily be an injurious impurity. In this 
— it occurs in Group V., above phosphorus, and in 
the second line, between carbon and oxygen. 





Taste I. 
a | Group IV. Group V. Group VI. 
p.c. | p.c. p.c. 
Second line ..\Carbon, 12.0 Nitrogen, 14.1 Oxygen, 16.00 
Third line 


--|Silicon, 28.2 Phosphorus, 31.0 3ulphur, 32.06 





The presence of oxygen up to 0.1 per cent. renders 
iron unmalleable, while phosphorus 2 to 0.1 per cent. 
causes cold-shortness. he extent of the injurious influ- 
ence of these elements is not definitely ascertainable, and 
it is very difficult to prove to what degree the mechanical 
properties of iron are affected by the minute traces of 
nitrogen which pass into the metal during the different 
processes of manufacture. Often various defects of iron 
and steel are discovered not only during the manufacture, 
rolling, and reheating, but a long time after, when the 
metal has been for structural purposes or for 
machinery. The metal does not behave as it ought to 
do; it wears out too fast, cracks, or breaks. This causes 
not only considerable material loss, but often fatal acci- 
dents. An exact knowledge of the influence of these 
injurious impurities and their routine determination 
during the manufacture of steel and iron are of the 
greatest importance. 

If nit in such pany as are usually found in 
steel can in a high degree injurious, it is necessary to 
ascertain the amount of nitrogen constantly present in all 
manufactured steel products. It is also n to 
discover a method for the diminution of the amount of 
nitrogen in the product, either by modifying the process 
or the composition of the fluxes. Such methods can only 
be found by studying in detail the conditions of the 
chemical combinations of nitrogen with the alloys of iron, 
and by investigating the influence of every component 
of steel alloys in combination with nitrogen. 


I. Mernops or Estimatinc NITROGEN. 


It has been proved by many authors that iron reacts 
with nitrogen on passing a current of dry ammonia over 
iron when heated, iron nitride (Fe.N) with 11.2 per cent. 
of nitrogen being produced. Ordinary commercial classes 
of iron contain only a few hundredths or thousandths per 
cent. of nitrogen. 

The amount of nitrogen contained in iron and steel 
was determined by numerous investigators during the 
second half of the nineteenth century. At present the 
best method for the estimation of nitrogen in steel is to 
dissolve the sample in hydrochloric acid, whereupon the 
ni m combines with the hydrogen, forming ammonia, 
which is distilled over into an excess of alkali. The 
amount of nitrogen is then determined Ly titration or by 
any colorimetric method. Theauthor will not enumerate 
all the papers dealing with the determination of nitrogen 
in commercial steels, as many of them have now lost their 
former importance. It is necessary, however, to take 
into consideration the interesting paper by Braune.t+ 
During the last few years many discussions on this paper 
have ap , and Brinell,t Petren and Grabbe§ have 
stated that the amounts of nitrogen as determined by 
Braune in many classes of iron and steel are excessive, 
and that his table is incorrect, 

Braune’s paper led the present author to submit this 
question to systematic research. He therefore undertook 
re — y eye in — ~s pee oy the 
amount of ni in cast iron, s' wrought iron. 

With this object, a number of imens my various 
countries and manufactured by different processes were 
obtained. It was found necessary to modify Braune’s 
method, as it did not yield satisfactory results. In order 
to decompose any ammonia compounds, lime was employed 
instead of caustic potash, by which means the distilla- 
tion is effected satisfactorily and the solution boils quietly. 
For titration, a much more dilute sulphuric acid was 
employed than usual, in order to obtain more delicate 
results, a 1: 100 N. acid being selected. The colorimetric 
determination eannot be universally employed, use 
during the solution of a steel containing much carbon, 
not only ammonia, but a considerable quantity of amines 
are formed, some of which are not coloured at all by 
Nessler’s reagent, while others assume a different tint. 
For the colour tests the apparatus shown in Fig. 1 is 
employed. 

Numerous results relating to the amount of nitrogen in 
different classes of steel were obtained from the experi- 

ures were lower than those previously 
. escription of the author’s work 
appeared in the Russian technical journal Gornisawodsky 
astock, in 1907, and in Stahl und Kisen||, where the 
results of his analyses are embodied in numerous tables. 
The publication of these papers led to considerable dis- 





* Paper read befure the Iron and Steel Institute in 
London. 


+ Jernkontorets Annaler, 1906. 


+ Stahl wnd Eisen, 1906, page 1518. 
§ Ibid., 1907, page 472. 
|| 1908, page 397. 


+ 


~ | chloride (H. 


has | pounds. If metallic zinc reduces the nit 





cussion, but the results of other investigators have proved 
to be in close agreement with those of the author. 

In discussing the accuracy of the author’s method for 
the determination of ni De Osa found that titra- 
tion with the 1: 100 N. solution of sulpburic acid corre- 
sponds to a sensitiveness of + 4 percent. He adds that 
it is impossible by this method to determine the total 
amount of nitrogen, as a portion of it reacts with oxygen, 
forming oxide compounds. He suggests that after the 
ordinary distillation of the ammonia, zinc should be 
added to the distillation flask. The amount of nitrogen 
obtained by his method ranges from 3 to 29 per cent. 
of the amount obtained from the first distillation. His 
method consists in heating pulverised iron with mercuric 
Cl.) to between 300 deg. and 400 deg. in a 
tube from w ich air has been exhausted. The Be gs 
is determined volumetrically, but the results obtai in 
this way are not satisfactory, as the ni m is mixed 
with a considerable quantity of other gases. For example, 
the amount of nitrogen and hydrogen obtained from a 
sample of soft iron weighing 5 grammes varies from 0.02 
to 0.25 cub. cm., while the analysis of a cemented steel 











/esa28) 


from a sample weighing 4 gramme only gives 0.17 to 
0.71cub. cm. In the first instance, the amount of nitrogen 
ranges from 0.0018 to 0.0059 per cent. in the same sample, 
and in the second from 0.023 to 0.085 per cent. 

De Osa’s paper led the present author to undertake a 
more dctutael Uevestigntion of the possibility of convert- 
ing the nitrcgen contained in steel into oxide compounds 
of nitrogen by dissolving the steel in hydrochloric acid. 
It was of interest likewise to ascertain the influence of 
zine on the distillation products of a solution of ferro- 
nitride with excess of caustic potash and lime. If a por- 
tion of the ni n can be converted into oxide com- 
pounds during this process, this conversion must be still 
more in evidence in the analysis of iron containing a 
greater amount of nitrogen. In the latter case the 
amount of free iron that is not combined with nit D 
will be less, and this iron (during dissolution in hydro- 
chloric acid) will yield nascent hydrogen, which will in- 
crease the formation of the hydrogen and nitrogen com- 
oxides in 
presence of lime, the nascent hydrogen will necessarily 
aid in the formation of ammonia compounds, During 
the solution of iron containing a large amount of ni 
the conditions are more favourable to the formation of the 
oxide compounds of nitrogen than when iron containing 
but little nitrogen is employed. Tests of iron nitride 
saturated with 5.882 per cent. of nitrogen have proved 
that ae does not off as oxides when dissolved 
in hydrochloric acid. The author’s investigations have 
shown that zine is not only unfavourable to this kind of 

ination, but that its presence is even injurious, 


determina’ 
as it reduces the nitrogen oxides that may exist in the | flask, 





acid to ammonia (NH;). The glass apparatus used for 


distilling y ies in the distillate in quantities 
to 1 to 1.5 cub. om. of 1; 1000 ammonium 

—- over, ing on the rate of distillation 
on the quality of glass. results must there- 
fore always be carefully corrected for this error. Ib is 
better to use a tin tube for distillation (see Fig. 2). In 
this case the influence of the material in the condenser 


disappears, and the distillate requires only a very small 
correction, equal to 0.1 to 0.18 cub. om. of a 1: 100 solu- 
tion of sulphuric acid. 

As an indicator, the author recommends methy! o b 
For titration, two flasks are needed, one containing dis- 
tilled water, and the other the distillate. An equal 
number of drops of methyl! orange are i 
flasks until a light yellow tint is obtained. The titration 
is finished w! @ comparison of the two flasks shows 
only a slight difference in tint. No other indicator is 
equally sensitive, although a certain degree of practice 
is required for success in this operation. 

In colorimetric tests, wooden or india-rubber stoppers 
must be avoided in distilling eqpesntes, otherwise 
the distillate is apt to become yellow with Neassler’s 
reagent. The yellow tint due to the influence of the 
stopper may alone amount to 0.000015 to 0.000064 gramme 
of ni " 

II. Iron anp Nrrrogen. 


The author undertook a series of experiments in order 
to ascertain the condition under which ni passes 
into steels during their manufacture. In addition to 
this, it was necessary to investigate the influence of the 
impurities which exist in commercial steel upon the 
reactions involved. 

As the impurities occurring in the largest amounts in 
ordinary commercial steel are carbon, manganese, and 
silicon, it is these elements that need the greatest atten- 
tion. Other impurities, such as phosphorus, sulphur, 
and oxygen, which have very injurious effects on the 
properties of steel, are t in such small quantities 
that their influence on the presence of nitrogen may be 
disregarded. These elements occur in wrought iron in 
much smaller quantities than in pig-iron, but the quan- 
tity of nitrogen is, on the contrary, much larger in steels 
of mer and cementation origin 

Pure iron does not combine with dry hydrogen, even at 
the highest temperatures up to melting point. This 
circumstance has been proved by the experiments of 
many observers, as well as by the author’s own. Yet, on 
the other hand, dry ammonia reacts with iron at 200 deg., 
yielding iron nitride. In the author’s experiments he 
prepared pure iron in the state of very fine powder by the 
reduction in his laboratory of iron oxide by npgocgan. 
The iron oxide was obtained from ferric chloride (Fe,0},). 
The hydrogen is separated from the iron powder by 
heating to 400 deg. in a glass tube in vacuo under a 
mercury-pump. In addition, the author used for his 
experiments Swedish soft-iron nails, which contain very 
little impurity—namely, 0.014 per cent. of silicon, 0.014 

r cent. of manganese, 0.08 per cent. of phosphorus, 

.012 per cent. of sulphur, and 0.1 per cent. of carbon. 
bg nails were reduced to filings by means of a flat 12-in. 

e. 
ap tus employed was arranged as in Fig. 3. 
A is a Heraeus electric furnace provided with a hard 
fusible silica tube B (diameter, 12 mm. to15 mm.). One 
end of this was connected with a porcelain tube C (outside 
diameter, 5 mm.) containing the thermo-junction of a 
Le Chatelier pyrometer. D isamillivolt-meter. At the 
other end of the silica tube was placed, by means of iron 
wire, one or two porcelain boats with iron powder for 
— —- was supplied ~ +8 
cylinder E containing liquid ammonia, the supply bein 
regulated by a reduction-valve. Before reaching ce tube if 
the ammonia through two tall washers, one con- 
taining pieces of potassium hydroxide, and the other 
filled with pieces of barium oxide. The gas-holder F 
contains nitrogen, which flows first through a solution of 
caustic potash, then through sulphuric acid, and, last] 
through heated copper shavings to decom 
oxides of nitrogen. It is then led to ano tube 
containing sulphuric acid, and lastly to tube B. The 
sequence of the operations earing the nitration of iron 
was as follows :—After heating the furnace to a certain 
temperaiure, the flow of dry ammonia was started from 
the gas-holder F, and the porcelain boats, with their 
contents, were placed rapidly into the front end of the 

lass tube B. They were left in this ition for about 

ve minutes, and after moved into the furnace. The flow 
of nitrogen was continued until the furnace bad attained 
the required temperature, which is lowered by between 
50 deg. and 70 deg. on placing the boats in the furnace. 
When the required temperature was azain reached, the 
flow of nitrogen was stopped, and the flow of ammonia 
was maintained for one hour at constant temperature. 
At the end of this period the flow of ammonia was stopped, 
and the nit m started again. After 3 to 5 minutes 
the boats, with their contents, were moved from the 
furnace, and allowed to cool in the front end of the tube 
B in a stream of nitrogen. After cooling, the boats were 
placed in a desiccator, and their contents weighed out for 
solution. The weighing was effected in an Erlenmeyer 
flask, covered by a watch-glass, 10 cub. om. of strong hydro- 
chloric acid ( Ihaum, sp. gr. 1.19) being taken for a 
sample weighing 0.3 to 0.7 gr Solution was effected 
at ordinary tempera eons acess Seeag centages to 
—— the solution. The solution was erred to 
a 500 cub. om. flask for distillation. As soon as the iron 
nitrate solution has been transferred to the flask, the 
latter is connected with a condenser, into the receiver of 
which 25 cub. cm. of a1: 100 standard solution of gul- 
phuric acid have been poured ; 14 cub. om. of 1 : 1 caustic 
potash (KOH) are then poured slowly into the distillation 
which is shaken from time to time, and, in order tq 
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t the solution to boil tranquilly, about 40 cub. cm. of a 
ime solution are added, and the whole diluted to 
300 cub. cm. with water, and distilled. About 200 
cub. cm. of the solution are distilled over, after which the 
operation is stopped. At the conclusion of the distilla- 
tion Nessler’s reagent should show an absence of ammonia 
in the distillate, which is transferred from the receiver to 
a 250 cab. cm. flask, and titrated in fractions. The 
author uses, for titration, a 1: 100 standard solution of 
sodium hydroxide, prepared from metallic sodium, and a 
1:10) normal sulphuric acid solution, methyl orange 
being employed as an indicator. _ n 

In cases where the amount of eyes in the solution 
does not exceed 0.5 per cent., iodine solution (250 cub. cm. 
H,O ; 2.2 grammes KIO,, and 5.5 grammes KI) is em- 
ployed for titration. The iodine evolved from acid 
unneutralised by ammonia was titrated with 1: 100 N 
thio-sulphate solution, with starch as an indicator. 
When a solution containing the maximum amount of 
nitrogen (11.1 per cent.) was distilled, the first portion 
of acid was quickly neutralised by ammonia, the 
solution became ine. In order to prove that there 
was no loss of ammonia, the receiver was connected up 
with another flask containing a solution of mercurous 
nitrate (HgNO,), and this solution remained perfectly 
tra rent without any basic nitrate being formed 
(NH.HgNO;), In the following tables are given the 
results obtained on samples varying from 0.3 to 0.7 
gramme in weight, the results being — in Fig. 
where the percentages of nitrogen are shown as ordinates, 
and the temperatures as abscisse. 





Material. 


4, | thic 





TABLE II. 








Tass V. 
tage of Percentage of 
Nitrogen in Iron Nitrogen in I 
Temperature. after Heating in w.thout H in 
a Current of a Current 
Nitrogen. Nitrogen. 
. Cent. 
oe 5.53 8.90 
740 0.225 1.70 
800 0.280 0.330 


| 





In furnaces used for the manufacture of steel the tem- 
peratures are higher than in the author’s experiments, 
and ammonia can only exist in such furnaces in very small 
amounts. Owing to the oxidising atmosphere usually 
occurring in such furnaces the ammonia must be con- 
sumed, producing water and nitrogen. The presence 
of nitrogen in the steel must therefore be due to gaseous 
nitrogen, which does not combine with the iron itself. | 

It is of interest to investigate the degree of dissocia- 
tion of the iron nitride at temperatures above 900 deg., 
and to ascertain the amount of ni which can 
retained by the iron during melting. In order to solve 
this question, 25 grammes of the nitrogenised iron, con- 
taining 9.2 per cent. of nitrogen, were melted in a 
plumbago crucible in a electrical furnace, lined 
ickly with magnesia. yas heated to 
1600 deg. The analysis shows no trace of nitrogen ; 


e crucible was 


there- 
fore the whole of the iron nitride has been decomposed. | ge 





Percentage of Nitrogen by Weight. 

















200 Deg. |800 Deg. 850 Deg. 400 Deg. 450 Deg. 500 Deg. |600 Deg. 650 Deg. 700 Deg. 750 Deg. 780 Deg.|850 Deg. 
i 0.11 8.05 _ 10.68 | 11.09 10.37 4 — | 4 an | a 0.29 
0.11 8.07 - 10.78 | 11.11 , 10.35 | 891 — | 6s | — 
Chemically pure iron 0.11 3.15 a a ae or int en os — par) 
0.11 —-/|- -—- | nw] -—- | — _ _ _ — _ 
Average 0.11 | 3.09 - 10.705, 11.11 | 10.36 | 890 — 4.76 | 0.685 0.30 | 0.29 
TABLE III. 
i - _ _ 0.48 — | 073 | 6.99 | 5.55 | 5.18 | 126 | 075 | 0.48 
Swedish iron { mit | a — | oss | 58 | 684 614 | 140 | 0.69 - 
Average - _ = ani = 0.78 5915 | 6.695 516 | 1.38 0.72 | 0.48 
| 
On inspecting these curves it will be seen that with 
pure powdered iron the maximum amount of ni a3 
uired for saturation was equal to 11.1 cent. at Fig.3. 


450 deg., ing with the formula for iron nitride (Fe,N) 
(see Table IT.). ith Swedish iron in the state of filings 
the maximum absorption of nitrogen during the same 
period was 5.9 per cent. at 600 deg., whereas at this 
temperature chemically = iron combined with 8.9 per 
cent. of nitrogen. The difference between the amounts 
of nitrogen present in chemically pure iron and in the 
Swedish iron nails at the same temperature (for instance, 
600 deg.) can be at by the extreme degree of fine- 
ness of the reduced iron, as compared with the Swedish 
iron filings. In these circumstances the action of nitrogen 
u iron may be compared with that of carbon during 
the cementation The nitregen permeates a 
piece of iron gradually, the speed of penetration depend- 
ing upon the temperature and size of the specimen. 

ly, the saturation of iron by nitrogen is influenced 
= the presence of those impurities (silicon, 
phosphorus, sulphur, and carbon) which were t in 
the Swedish iron, although in minute quantities only. 
This agrees with the fact that at temperatures of 600 deg. 
and a Swedish iron can absorb more nitrogen 
than chemically pure iron. It should, however, be borne 
= mind that - direct investi ote to 7 of 

@ presence of impurities on the a tion of nitrogen 
have as yet made. Reverting to the curves of 
Fig. 4, the followin nomenon can be observed :— 
A considerable fall of the percentage-temperature curve 
in the table relating to the saturation of pure iron reduced 
by hydrogen corres with the dissociation of ammonia 
at temperatures above 450 deg. The following experi- 
ment shows that dissociation of ferro-nitride takes place at 
this temperature. 

A sample of powdered iron, reduced by hyd was 
satura with nitrogen to such an extent t iron 
nitride was formed. The results obtained on heating 
this nitride, at various temperatures, in a current of dry 
nitrogen in a Heraeus furnace are shown in Table IV. 


Taste IV. 











Percentage Percentage | Average 
Tempera. Weight | ot Nitrogenin of Nitrogen in| Percentage 
ture. Matter. | Iron before Tron | after 
. Heating. Heating. | Heating. 
deg. O. 
600 0.4100 1Lié 5.53 
600 0.3454 11.16 6.53 5.53 
740 0.2730 11.10 0.26 
740 0.8634 11.10 0.19 0.225 
800 0, 2960 11.10 0.31 
£00 0.3044 1L11 0.26 0.28 


If the figures of the last column be compared with those 

relating to the amount of nitrogen at ing tem- 

tures in nitrogenised iron obtained wi t heating 

in a current of nitrogen, it will be seen that the amount 

of nitrogen is larger in the second case. Table V. illus- 
trates this phenomenon. 












cary? 900" 400° 500° 600° 0" 800" 900 
This experiment suffices to show that the nitrogen present 
is due to impurities. 


III. Tae Inritvence or CARBON ON THE COMBINATION 
or NITROGEN WITH IRON.* 


In order to investigate the influence of carbon on the 
reactions between nitrogen and iron, the author has 
saturated a sample of Swedish white pig-iron with nitro- 
gen. The sample contained 3.9 per cent. of carbon, 
.12 per cent. of silicon, 0.18 per cent. of manganese, 
0.08 per cent. of sulphur, 0.02 per cent. of phosphorus, 
and 0.07 per cent. of copper. Fi lings were com- 
minuted in an agate mortar to a state of very fine powder, 
a Saneee Here 2 Can sve. A sample of this 

was taken for the experiments on the saturation 
nitrogen at different temperatures in a current of dry 





* N. Tschischewski, Bulletin of the Tomsk Imperial 
Institute of Technology, 1913. 


ze 


again 

furnace, the following apparatus was Fig. 
page 173), allowing the work to be continually ied 
in a current of gas, wid 

In Fig. 5, A isa bent glass tube, cogptaing 
between two cotton plugs Cand D. Th the tube 
passes an iron wire, touching the sides at t points 
- Je Both cotton plugs are loosely adjusted. E is a 
rubber stopper ; F is an asbestos ring. is apparatus 
was used at all the author’s experiments following. The 
tube A and iron wire were supported by small wire h 

to a little glass rod, which was fastened to 

the ~~ = A process of saturation by ae oy con- 
tinues during one hour; in other words, for same 
time as in the experiments with iron. A current of 
nitrogen was maintained, as in the previous experiments. 
After saturation by nitrogen, the ammonia was replaced 
> | e boat removed to the front, cold part 
of the tube, which was cooled externally by cold water or 
ice. After weighing the contents of : 
ised iron was dissolved in 5 cub. cm. of hydrochloric 
acid (1.19 specific gravity) diluted by 50 cub. cm. of water. 

© ammonia was disti by means of lime water, and 
the distillave titrated by 1 : 100 N. solution of sulphuric 
acid in the presence of methy! orange. 


e 


z 


E 





The ts of these experiments are shown in the fol- 

lowing table :— 
TaBLeE VI. 
Temperature. 

-_ 300 | 400 500| 600 | 700 | 800 | 900 

Deg. Deg. | Deg. g- | x Deg. 

Percentage of (| 0.529| 1.07 5.12 | 8.86 | 7.45 | 3.20 | 0.48 

nitrogen w{ 0.511 1.12 6.18 | 811 / 7.10) 3.33) 0.51 

weight 0.530; 1.01 6.02 7.93 7.88 808) — 
Average reent- 

pond = .-| 0.623 1.07 5.11 825 | 7.48 32 | 0.47 











F 


In order to compare these results with the investiga- 
tions on the saturation of iron by nitrogen, the author 
has plotted two curves, one for soft iron and the other 
for pig-iron. This diagram shows that the optima of 
saturation for both cases are very closely alike, and equal 
to about 600 deg. Cent. Both curves are nearly parallel 
to each other. Abt all temperatures, however, pig-iron 
combines with more nitrogen than the soft iron. The 
reason for this is, in the author’s opinion, not the action 
of the carbon, but the finer state of the material. 

The white Swedish pig-iron is very brittle, and can be 
pulverised in an agate mortar to a state of very fine 
powder ; but the —_ from soft iron cannot be ground 
to such minute particles as in the previous case. 

When the temperature increases, the velocity of pene- 
tration of nitrogen through a piece of iron must increase 
also. i jomenon has been observed during the 
microscopical examinations of the nitrogenised iron. The 
examination (see Fig. 6) of a bend of the curve for soft 
iron, which begins at 750 deg. Cent., this also. 
If the carbon content were to a certain degree favourable 
to the combination of nitrogen and iron, it would have no 
influence in the manufacture of because nitrogen 
combines with carbon steel at comparatively low tem- 
peratures. Bearing this in mind, it may be concluded 
that the presence of fixed nitrogen in steel is due, not to 
carbon, but to other impurities. 


IV. MANGANESE AND NITROGEN. 


_ order to rr oy hie of —_ 4 
the absorption of nitrogen by iron, it was of interest 
investigate the reactions of ma <a eon 
very high temperatures, an an um for 
pres mg Manganese (in the metallic state) combines 
with dry ammonia, yielding Mn,N, (14.64 per cent. 
nitrogen), and with dry nitrogen it forms Mn; N,j (9.24 
t. nitrogen 

The temperotures of the formation of these compounds 
were not i exactly, and their stability was not 
investigated. Much importance attaches to the questions 
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of the stability of the nitrogenised 
influence of temperature on the course of the reaction. 
In order to solve these questions, metallic manganese, 
pared by Goldschmidt’s method, was taken. Analysis 


pre 
showed the following composition :— 
Per Cent. 
Iron ... 1.52 
Silicon 0.86 
Aluminium... 0.202 
Manganese ... * 97.1 
The refinement of this material in the laboratory was 
very difficult. Assumi 


was enough to show the 
the saturation of manganese by nitrogen at different 
temperatures, this preparation was therefore employed 
without any attempt to refine it.* The material was 
reduced to very fine powder in an agate mortar, and for 
each experiment 0.5 gramme of this powder was taken. 
The same YY as for the experiments with iron was 
employed. Ab first saturation experiments of manganese 
by nitrogen with ammonia were made. 

In order to obtain comparative results, all conditions 
were the same as in the nitration of iron experiments. 
Asan indicator methyl orange, which proved to be the 
best for the determination of ammonia, was employed. 

The following table gives the results of the experi- 
ments :— 


that 97 per cent. of 
a tates | Barone 


gases evolved during solution were subjected to 
analysis, and the results are shown in Table VIII. 
Taste VIII. 
Percentage of nitrogen by Per Cent. Per Cent. 
a a - —_ se 20.07 20.11 
en ; 
titration .. = . 14.37 14.44 


The Analysis of Gases. 
IL. 
0.4028 
oe 15.4 19.9 
; . 752.4 (20 deg. ©.) | 751.5 (20 deg. C.) 
Temperature .. ie “6 19 deg. C. 20 deg. C. 
Pressure of the vapour of 
water 


I. 
Weight of the sample 0.3178 
Oub. cm. of nitrogen 
Is 


; ba 7 m 16.3 mm. 17.4 mm, Ig. 
Volume of gases at 0 deg. C., 

760 mm. Hg. ‘se - 14.2 cc, 17.9 ce. 
Weight of nitrogen 0.01780 gr. 9.02244 gr. 
Percentage of nitrogen 5.60 5.51 


The percentage of nitrogen in the first sample was 
19.97 (14.33 + 5.60), and in the third 19.95 (14.44 + 5.51). 
This last figure corresponds very closely with the increase 
in weight. This combination of nitrogen with manganese 
corresponds with the formula of manganese nitrogen 
which requires theoretically 20.3 per cent. of nit > 





but is not described in chemical literature. Remember- 


TABLE VII.—TxHe Action oF AMMONIA UPON METALLIC MANGANESE. 











Temperature. 

(880 Deg. |400 Deg. |500 Deg. |550 Deg. |600 Deg. '700 Deg. 800 Deg. 900 Deg. 1000 Deg. 1100 Deg. | 1200 Deg. 

O14 | 0.68 | 271 | O10 | 1440 | 14.88 | 1481 | 10.0% | 681 401 | 179 

Percentage of nitrogen 0.18 — 2.52 9.31 | 14.28 | 14.32 | 14.39 | 10.65 7.24 3.96 1.71 

by weight | — | — 265 | 926 | 41) — | — | 10.2 — 405 | 168 

| —- | - | = — | we} — | — | — ms Ae 

Average percentage ..| O16 | 058 | 263 | 9.22 | 14.39 | 14.96 | 14.85 | 10.59 7.02 4.00 | 173 
ing that the percentage of manganese in the specimens 





Fig. 5. 
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Manganese nitride is a light, almost black powder. 
This compound is exothermic, and its formation is 
attended with a evolution of heat. A i 
boat containing 0.5 gramme of manganese was heated in 
the Heraeus furnace in an atmosphere of hydrogen. 
Upon this boat was placed the thermo-junction, and a 
current of ammonia was started. At 600 deg. to 700 deg. 
the pyrometer rose 10 deg., and sometimes even more. 
Such an evolution of heat was never observed during the 
nitration of iron. These experiments show that the 
merease in weight of the material after saturation by 
nitrogen was often more than could be accounted for by 
the absorbed —. In order to determine the 
masiuem ———e oO Soran the ne made experi- 
ments on the saturation manganese by nitrogen at 
600 deg. till a constant weight was reached. A better 
specimen of manganese (with 98.83 per cent. manga- 
nese) was employed in these experiments. The increase 
in weight from four experiments is as follows :— 

1. 20.17 per cent. 3. 20.11 cent. 
2. 19.97 ,, 4. 19.99 *” 

The analysis by titration shows the contents of nitrogen 
to be 14.37 to 14.44 per cent. The rest of the — 
was evolved ina gaseous state during dissolution. The 
dissolution was carried out in the special apparatus. The 

* N. Tech i, Bulletin of the Tomsk Imperial 
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was 98.83 per cent., and that they also contained 0.82 per 
- of iron ~~ in these o_o must = combined 
with nitrogen), the amount of nit in the samples 
will be found to correspond ve: coal with theory. ™ 

The results of a saturation of manganese by dry nitro- 
gen are shown in Table IX. 


TasLe IX.—Action of Dry Ammonia upon Manganese. 





























| Temperature. 
aie | 400 500 | 600 | 700 | 800 | 900 1000 1100/1200 1300 
Percentage _ of ( {0.08/0.88)1.45|8.15 5.50|7.82/8.04 5.23/3.29'1.61 
nitrogen by; | — 0.41/1.36 3.10)5.46/7.41|7.57/5.17/3.17 1.49 
weight \ — |1.42'8.30/5.50|7.18| — |5.38/3.41 — 
Aver: reent-| OR ik a OR ee 
= -" .. (0.08/0.37 1.41) 3.2 5.48) 7.3 | 7.8 |5.23/3.29 1.55 





In order to com the figures of this table, they have 
been plotted graphically (see Fig. 7). 


7. 





Temperature, Degrees Cent. 


The optimum for the combination of nitrogen and 
oe my by the action of ammonia corresponds with 
nearly 600 deg. to 800 deg., and by the action of dry 
nitrogen with a deg. e first curve inter- 
sects the second at 980 deg. bends farther beneath the 
second ; that is to say, from this point the saturation by 
nitrogen from ammonia is not as complete as it is in 
the second case. The reason of this is that the dissocia- 
tion of ammonia in these circumstances is very great. 
Ramsay and Young’s experiments prove that at 800 — 
65 per cent. of ammonia is decomposed, and the author's 
experiments show that at 1100 deg. the whole of the 
ammonia is dissociated. The free ——— which forms 
in this case, is much diluted by by m, and con- 
sequently the saturation of manganese by nitrogen is 


A further series of experiments was undertaken, in 
order to investigate the influence of manganese on the 
saturation of iron by nitrogen in the case when D 
was alloyed with iron. For San See 

ic manganese was 


containing 22.01 per cent. of 
. Fine fili were taken and exposed to the 
action of dry nitrogen during three hours. Analysis 





Institute of Technology, 1913. 


shows that amount of nitrogen combined with the 


manganese goes on slowly. 

In the manufacture of steel it is very important to know 
the influence of manganese on the saturation of any iron 
alloys by nitrogen at high temperatures, although a 
knowledge of the influence at lower temperatures is also 
interesting, especially in the process of tempering and 
reheating. To ascertain to what extent the 
nitride was dissolved in the i 15 Very of iron, 
reduced by hydrogen, were mixed with 3.5 grammes of 
manganese nitride, containing 14.33 of ni (b 
volume) or 19.97 per cent. of nitrogen (by weight). 
other words, the combination corresponded closel 
the formula MnN. This powder was melted in a 
Tammann furnace in a magnesite test-tube. The atmo- 
sphere of the furnace consisted mostly of carbon monoxide 
and nitro The highest temperature was 1550 deg. 
After m hing. the alloy was into a mould and 
analysed. e@ analysis showed 0.0119 per cent. of 
nitrogen. This i was again melted in a magnesia 
crucible, and afterwards contained 0.0113 per cent. 
nitrogen. From this it may be concluded that the 
manganese nitride must be dissolved in iron. Ferro- 
manganese, both from charcoal and coke furnaces, has 

ved to contain considerable quantities of ni 

‘or instance, charcoal ferro-manganese manufactured in 
the Urals contained— 


Per Cent. 
79.32 
Silicon 0.89 
Nitrogen ~- ae sal 0.061 
Coke-manufactured ferro-manganese from South Russia 
contained— 

Per Cent. 
Manganese ... 81.41 
Silicon iron on on 0.093 
Nitrogen... het : 0.058 


It must be borne in mind that in adding ferro-manganese 
for deoxidation in the processes of steel production, 
nitrogen is added as well. 


(To be continued.) 





FOREIGN ENGINEERING PROJEOTS. 
P We give below a 2? = ae o'ieerd a 
orei engineerin, ects, m 0, 
Trade Journal. Further information on these projects 
can be obtained from the Commercial In 
Board of Trade, 73, Basinghall-street, ion, E.O. 
Spain : The Gaceta de Madrid publishes a Royal Order 
awarding a contract for the execution of street-paving 
works in Madrid to the Compafiia de Construccions 
Hidraulicas y Oiviles, Madrid. The value of the works 
to be undertaken amounts to 15,280,029 pesetas (about 
611,200.) The Gaceta also notifies that Royal b 
has been given to the p of the Direccién General 
de Obras Publicas for the distribution of 
9,000,000 pesetas (about 360,000/.) among the various 
provincial authorities in Spain, with a view to carrying 
out, by contract, necessary improvement works 
during the current year. 
Republic of Colombia: The Diario Oficial, Bogot 
ee Law enacting that the Colombian National 
vernment shall enter into negotiations as soon as pos- 
sible with the Government of the Department of Magda- 
lena for the cession of the preferential right which the 
Department holds for the of the Santa Marta 
Railway. When this cession has been arranged, the Govern- 
ted 
al 


ment will to Six the penmase pep with the Santa 
way Company, | ited, and is em to 


Marta imi 
contract a loan, or loans, either abroad or in country 
in that connection. The Government is also authorised 
to take steps to extend the railway, as soon as it bas been 
completely taken over, either to a point on the River 
Magd wards the River Ari {, or in any 
other direction which the surveys may show to be 
advisable. 

Ecuador: The Registro Oficial, Quito, publishes a Decree 
authorising the executive power to proceed without delay 
to make arrangements for the construction of a railway 
with electric traction if convenient, between Quito and 
Esmeraldas. The line will 





be decided to employ electric installation 
of Pagani a sa would be undertaken at the same time 
as the preliminary works in connection with the con- 


struction of the railway are put in hand. The Registro 
Orica also publishes « Deoree authorising the Munici ity 
of Daule to instal an electrical t for the public lighti 
of that town, and allotting proceeds of certain 

and o taxes for that purpose. The Registro 
publishes a Decree allocating certain funds for the pro- 


Velen 0 Oe Ona and the execution of canalisation 
works in the town o' be. It publishes a further 
decree by virtue of which the Municipality of Quito will 
take over from the Ecuadorean Government the plans 
and projects in connection with the projected water 
supply, canalisation, and paving works in the Canton of 
Se S68 Us sugeee for the realisation of the 
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ELECTRICAL APPARATUS. 


21,998/14. H. Leitner, London. Electrical Switches. 
{1 Fig.) November 4, 1914.—This invention relates to electrical 
switches for a circuit supplied by a storage batvery, in combination 
with a dynamo, of the type designed to be operated electrically by 
pulling-on and pees coils in circuit with the battery, the 
over-discharge of which it is desired to prevent, which coils 

rate the switch contacts through suitable mechanism, the 
circuit of the pull-off coil being maintained broken by a relay 
until the vol falls to a etermined minimum when the 
circuit is ch and the coil operated to open the switch. The 
electrical control of the switch is by means of suitable auxiliary 
switches placed at the desired place of control. This t of 
switch is also frequently provided with a hand at ent 
whereby it may be opera’ mechanically and independently of 
the electrical control. According to this invention, a switch of 
the type referred to is arranged so that when in ite Open and 
el itions it also respectively opens and closes the circuit 
containing the relay and the circuit containing the pull-off coil 
of the switch and the contact operable by the relay. A repre- 
sents the main switch adapted to close the two main contacts 
a, b of the lamp circuit B with the battery C and the dynamo D, 
the latter having the usual automatic switch E between it and 
the battery. The main switch A is operated either mechanically 
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by hand, by means of the handle ¢, or electrically by means of the 
pull-on and pull-off coils d, e and the movable core /, through 
the medium of intermediate mechanism, such as that shown at 
fi, or of any other suitable type. F is a double-contact switch 
by means of which either the “on” coil d or the “off” coil ¢ 
may be energised from a distance. These switches are normally 
in the “off” position, as is well understood. The “ off” coil ¢ 
can also be energised through the contacts g, h of the relay or 
over-discharge venter G. This consists of a suitable voltage 
coil i, which, when energised at a predetermined voltage, attracts 
the armature k, and so opens the contacts g,h. The relay coil ¢ 
is energised through the auxiliary switch 1. spring-controlled and 
operated by the main switch Ain such a manner that when the 
main switch is “off” the switch | isaleo “off” or open. m is 
the second auxiliary switch similarly controlled by the main 
switch A, and which serves to open or close the circuit of the 
“off” solenoid ¢ through the contacts g, A of the relay G. The 
switch I is closed before the awitch m. It will now be readily 
seen that should the armature k of the relay G drop off owing to 
a drop of voltage whilst the main switch A is closed (and conse- 
quently / and m also closed) a circuit will immediately be closed 
from the battery OC through the “ off” solenoid or winding e and 
the contacts g, h, and, as a consequence, the main switch A will 
be pulled off. (Sealed.) 


PRINTING AND ALLIED MACHINERY. 
9841/15. E. J. Smith, London. Intaglio Printing. 
(7 Figs.) July 6, 1916.—The present invention has reference to 


intaglio-printing cylinders of the kind which comprise a tubular 
shell or sleeve which is mounted on aco*e of segmental formation, 


Fg. 7. 








constructed so as to be capable of contraction and expansion for 
the pur of facilitating the application and removal of the shell 
and of fixing the same firmly when in position. This invention 
consists in means for shifting the expanding core endways of its 
shaft comprising loose rings, which act also as retainers for the 





segments, and nuts working on the shaft near the tapered portions 
which operate on the segments through the loose rings. a is a 
shaft, shown unsupported. On this shaft are red portions 
, binclining in the same direction and screw portions c, ¢ just 
outside the tapered portions. dis a core made up Lene vw om 
preferably three in number. These segments are formed inter- 
nally with hollow bosses ¢ adapted to fit and slide upon the 
tapered portions L of the shaft in such a way as to maintain always 
the pesulietions of the segments. The position of the segments is 
maintained and controlled by loose rings /, f, which have exten- 
sions adapted to overlap and enclose extensions of the bosses 
e of the segment, and the rings /, f are, in their turn, controlled 
by nuts g, gon the screw portions c, c of the shaft. A is a tubular 
intaglio shell or sleeve. To prevent the rings f from turning round 
with the nuts, pins i screwed into the ends of the segments are 
employed, engaging loosely with the holes in the rings. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


23,244/14. E. Peckham and 8S. Thomas, London. 
Tramway-Trucks, (6 igs.) November 28, 1%14.—This inven- 
tion relates to improved means for use in the suspension of the 
trucks of tramway and other vehicles of the type wherein provision 
is made for lateral movement of the axles in relation to the truck- 
frame. The invention consists in the provisions of a bifurcated 
hanger of inverted (J shape adapted for employment where the 
truck-frame estal jaws are in close proximity to the axle-box. 
The top member a of the hanger and ite depending portions are 
duplicated or forked, thereby enabling the edges b! of the truck- 
frame pedestal b to pass between their constituent parts, the 


latter lying upon opposite sides of the edges. Between the con- 





stituent parts of the top member a of the hanger extends a trans- 
verse telage-plece ¢, against the under side of which the upper 
surface of the axle-box d bears. The bridge-piece c is preferably 
formed with one or more rocking edges, such as ¢, adapted to 
engage in a groove or grooves in the upper surface of the axle- 
box. Towards their lower extremities, the legs a!, a! of the 
duplicated hanger are reunited to form a bearing / for attaching 
the spring-plank g. A hanger constructed in the improved 
manner, above described, is adapted for use with a truck-frame 
having pedestals of considerable width, or with a truck-frame 
wherein the pedestal-edges closely embrace the sides of the axle- 
boxes. (Accepted November 3, 1915.) 


SHIPS AND NAUTICAL APPLIANCES. 


6052/15. E. C. R. Marks, London (Soecieta Anonima 
Italiana Gio. Ansaldo and C., Genes, Italy). Submergible 
{7 Figs.) April 22, 1915.—This invention has for ite 
object to provide a device for controlling the water ballast 
required for operating submergible vessels. Submergible 
vessels are usually provided, according to the water - 
compartments, with an outer and an inner plating, com- 
a the double bottom, divided into compartments by a 
longitudinal keelson and transverse bulkheads and floors. A 
device for controlling the water ballast for —— submergible 
vessels comprises, according to this invention, a single flooding 
and exhausting pipe to each compartment, controlled by valves 
and levers respectively, the seats of which are formed in a valve- 
casing fitted in the interior of the vessel, and provided with a 
valve communicating with the sea, and an — communi- 
cating with a suction-pump, the said vessel being provided in 
front of the water-ballast compartments with an outer and inner 
plating, confining the double bottom, divided into compartments 
y longitudinal keelsons and transverse bulkheads, in each of 
which compartments a flooding and exhausting-pipe are placed. 
A is the outer and B the inner plating confining the double 
bottom, divided into compartments C!, C2 and D!, D2, by the 
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longitudinal keelson E and the bulkheads F. Each of the com- 
partments has a flooding and an exhausting-pipe G, controlled by 
a valve H, the seating of which is formed in a valve-case I fitted 
in the interior of the vessel and provided with a valve L com- 
municating with the sea-tube U, and an aperture of communication 
with the suction part of a pump M. Each of the valves H, as 
well as the collector-valve L, is operated by a rod N, on which a 
nut N! is screwed, operated, in turn, by a lever O, for which a 
sector P, with two stop-notches Q and R, is provided at the two 
ends of the strokeof the lever. Rod N has at its lower end a head 
8 capable of raising the valve by a projection T provided on the 
same, such projec being sufficiently long for permitting the 
rod N a movement equal to the rise of the valve before the latter 
is raised. At the upper end of the rod N a hand-wheel K is pro- 
vided to allow of screwing or unscrewing the rod with regard to 
nut N!, which is prevented from rotation by a suitable guide. 
For ter safety on the sea side of the collector-valve L an 
additional valve V may be provided for preventing the water from 
entering in case of breakage of valve L or the tube on the sea side 
of the latter. From the valve V leads the end-tube U communi- 
cating with the sea, provided at iis end with a grating Z. Valve V 
in all of the operations hereafter considered may be normally left 
free, and is therefore kept closed by its own weight excep in the 
flooding period, during which it is to be kept open. A single 
jever O may control a couple of valves H, the one at the right and 
vhe other on the left of the longitudinal keelson, (Sealed.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &o. 


21,487/14. H. A. S J. H. 
London. Locomotive Su: 
ber 24, 1914.—This invention re 
locomotive or other tubular boilers, and particularly 
the type having superheater elements inserted in 
tubes. aneeeting to the present invention, the header-wall is 
formed in a series of steps, and the blocks or unions of different 
rows of elements are attached to different steps, thus facilitating 
withdrawal of the individual elements. In carrying the invention 
into effect, as applied to a locomotive, the header comprises 
longitudinal saturated and superheated-steam chambers, @ and b 
respectively, provided with appropriate steam connections c and d, 
the superheated-steam chamber being disposed in the nt 
example in front of the saturated-steam chamber. Taking the 

icular case of a superheater in which the elements are inserted 
n large smoke-tubes in vertical rows of three each, the 
ends of the elementse are each connected to one face of a correspond- 
ing block or union /, through which passes a duct g, making a right- 
angled turn within the block, so as to issue from an adjacent face. 
Each superheater element includes a length of tube runnin 
toward the fire-box in the upper of ite smoke-tube, a be 
downwards and forwards in a vertical plane, a (J loop extending 
thence to the smoke-box in the lower t of the smoke-tube, 
a bend upwards and forwards, and at length returning to the 
smoke-box end in the upper part of the smoke-tube. e free 
ends ¢ of the upper elements of each vertical row, issuing side b 
side from the corresponding smoke-tubes, are bent up’ 8 
through —_ angle, so that the rear faces of the blocks are 
disposed against the vertical lower part of the front wall of the 
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header, where they may be secured by a dog or bridge-piece i, 
resting on the front faces of the blocks associated with the two 
ends of each element and a central screw-pin j or stud and nut. 
The right-angled duct g, issuing through the rear face of each 
block, registers with corresponding ducte or ges k in the 
header-wall, one such aperture opening direct into the super- 
heated-steam chamber ), while the other is carried through a 
bridge or web of metal, a ferrule, or the like, to the saturated- 
steam-chamber a. The front wall of the header extends in a hori- 
zon i ion i diately above the line of blocks or unions 
just described in relation to the uppermost horizontal row of 
smoke-tubes, so as to form an overhanging step 1, with a vertical 
face m, sbout coincident with the front faces of the blocks. The 
ends n of the second horizontal row of elements are likewise bent 
up at right angles, so that the rear faces of their unions are dis- 

against the vertical face m of the warn step, the two 
ends of each element being respectively connected, as before, to 
the saturated and superheated-steam chambers. The front wall 
of the header is again formed as a step o overhanging the second 
line of unions, and to the vertical face p of this step are attached 
the unions of the superheater elements g Gapesed in the lower- 
most horizontal row of smoke-tubes and bent up at right angles, 
as before. The ends of the superheater elements are thus nes 
one within the other, while the blocks as seen from the side of 
the smoke-box are in red relation. If screw-pins are used 
for securing the elements in place, those in the second and third 
rows from above are provided preferably with a shoulder r bear- 
ing the dog or bridge-piece, and an extension s carrying 
a hexagonal head ¢, such extensions in the third row being longer 
than those in the second, so that all the nutted portions of all 
the elements may lie in a transverse vertical plane in front of the 
elements themselves. (Sealed.) 


23,531/14. E.C. R. Marks, London. (The Terry Steam- 
Turbine Company, Hartford, U.S.A.). Turbines. [3 Figs.) 
December 4, 1914.—This invention relates to the securing of 
turbine blader in the peripheral slots of the rotor of a turbine, 
and the object of the invention is to provide an inexpensive and 
simple method of securing the blades to the rotor, whereby a 
very secure fastening is obtained, and the replacement of a 
broken or worn blade can be effected with very littletrouble. An 
important feature of the invention consists in the method of 
securing blades in the peripheral slote of the rotor of a turbine, 
which consists in inserting the biades in the said slote together 
with a and in upeetting or spreading the side 
portions of roots of the blades and of the = ing-pieces 
simultaneously into or along recesses or grooves formed in the 
side surfaces of the rotor and intersecting said slots. a 
denotes the bcdy of the rotor, the periphery of which is trans- 
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versely slotted at regular intervals, as indicated at b. In each face 
of the rotor near its edge is a circumferential groove c. d denotes 
a blade or vane, and ¢ the root, which is flat on its front face and 
of i formation on its rear face. The thickness of the 
root is less than the width of the slot in which it fite, and a pack- 
ing-piece / is fitted into the slot at the back of the root, the front 
face of the packing-piece being sh to cor with the 
rear face of the root, and the rear face of the packing-piece being 
flat to fillin the slot. The edges of the packing-piece and root 
extend into the ves c On the front and rear face of the 
rotor. After all the blades have been assembled with their pack- 
ing-pieces, a setting-tool spreads the roots and packing-pieces 
into the ves, so that they lap the walls of the grooves at 
either ie of the slots, securely locking the blades against 
either radial or lateral displacement. Of course, a blade cannot 
move respectively to the packing jee owing to the fact that 
the contacting faces between the blade reot and the packing- 
piece are of i lar This construction uces a very 





rregular shape. 
secure fastening of the blades tothe body of the rotor. (Sealed.) 





